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ABSTRACT 
A number of novel pyrrolizin-3-ones and azapyrrolizinones have been 
prepared by flash vacuum pyrolysis. The pyrolysis of azole Meidrum's acid 
derivatives has been extended to the synthesis of several substituted 
pyrrolizin-3-ones and pyrrolo[1,2-c]imidazol-5-ones. A second route to these 
heterocycles and the pyrrolo[1,2-a]imidazol-5-one system involves the 
pyrolysis of readily accessible azolyipropenoic acid esters; the crystal 
structures of several of the propenoates are reported. The new methodology 
overcomes several drawbacks associated with the previous route; the 
mechanism of the reaction has also been investigated. 
The reactions of pyrrolizin-3-ones, pyrrolo [1,2-al imidazol-5-one and 
pyrrolo[1,2-c]imidazol-5-one with a number of nucleophiles have been 
studied. In addition, the reactions of pyrrolizin-3-one with electrophiles, free 
radicals and enophiles are discussed. The reactivity of these systems is 
dominated by their olefinic and N-acyl functionality. 
The findings of the above studies have been applied to the synthesis of 
5,7a-didehydroheliotridin-3-one, a partially reduced pyrrolizin-3-one present 
in a number of pyrrolizidine alkaloids. 
The structure and spectroscopic properties of the pyrrolizin-3-ones, 
pyrrolo[1,2-a]imidazol-5-ones and pyrrolo[1,2-climidazol-5-ones, and some 
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While hexahydro- and tetrahydropyrrolizin-3-ones are well known, 
particularly in the synthesis of pyrrolizidine alkaloids,1-3 examination of 
general reviews on pyrrolizine synthesis4-6 and chemistry5 reveals only 
limited information on the fully unsaturated pyrrolizin-3-one system 1. It is 
only recently that the aza analogues of pyrrolizin-3-one, namely pyrrolo[1,2-
a] imidazol-5-one 2, pyrrolo[1 ,2-c] imidazol-5-one 3, and pyrrolo[1,2-
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This introductory review will attempt to: 
describe the methods available for the 
synthesis of each of the ring systems 1-4, and 
their dihydro derivatives; 
discuss their physical properties and, where 
possible, draw conclusions about the structure 
of these systems; 
and (iii) outline their known chemical properties, if any. 
3 
This will provide a background to the remainder of this thesis which is 
concerned with the preparation and properties of pyrrolizin-3-one and its 
aza analogues. 
Throughout this thesis, structure 1 will be referred to as pyrrolizin-3-
one; pyrrolo[1 ,2-a]pyrrol-3-one, 3H-pyrrolizin-3-one, and 3-oxo-3H-
pyrrolizine are alternative names for this structure. The numbering of 
systems 1-4 is shown above. However, where comparisons are being made it 
will be more convenient to refer to the various positions according to the 
method shown in Figure 1.8 
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Although the first preparation of a pyrrolizin-3-one was published by 
Kuster in 1925,9 the methods reported for the synthesis of this ring system to 
date have met with only limited success. Indeed, this early work has 
subsequently proven to be irreproducible.W Not surprisingly, routes to 
pyrrolizin-3-ones have generally commenced from a simple pyrrole, usually 
<\7'N , + 
	
1,2 - Bond Formation 
<\ 	3,4 - Bond Formation 
+\\ 
NR 	
7,7a - Bond Formation 
C\N-+ 	1,7a:3,4 - Bond 






with a carbonyl substituent in the 2-position to facilitate formation of the 1,2-
olefinic bond. In their review,5 Flitsch and Jones classify synthetic routes to 
pyrrolizines according to the number and positions of new bonds formed in 
the ring closure step. A modification of this classification, outlined in Scheme 
1, will be used. All known examples of each class shown are discussed in 
turn. 
1. 	PREPARATION OF PYRROLIZIN-3-ONES 
BY FORMATION OF ONE BOND 
(a) 1,2-Bond Formation 
Only a few examples exist in which formation of the olefinic bond is 
the final step in ring formation. In each case, N-acylation of a 2-acylpyrrole 
was followed by an intramolecular Knoevenagel type condensation, thus 
producing pyrrolizin-3-ones 5,11 6,12 and 713  (Scheme 2). 
R3 
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H H Ph 72% 
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Scheme 2 
(b) 3,4-Bond Formation 
The pyrrolizin-3-one lactam function has most commonly been 
generated by intramolecular acylation of the pyrrole N-atom. The means by 
which this has been achieved can be separated into three types: 
(i) 	Activated Amide Formation 
The parent compound 1 was first obtained by the means outlined in 
Scheme 3.12  Formation of a mixed anhydride is followed by ring closure and 
decarboxylation.The substituted pyrrolizin-3-ones 8-11 had previously been 
prepared in low yield by this method.  1 0,1 2, 14 ,15 
	
CHO 	CH2(CO2H)2 Do 	 CO2H 











Ri 	R2 	R3 	R4 	Ring Closure 
8 	H 	H, 	Me CO2Et 20-37% 
9 Me H H 	 H 	 23% 
10 	H 	H p-PhOMe p-PhOMe 	9% 
11 H H 	H 	CH20Bn 
7 
Several 1,2-dihydropyrrolizin-3-ones 12-15 have been obtained in a 
similar fashion from pyrrolyl propanoic acids.14,16 An example 14 obtained 
by this means, has subsequently undergone dehydrogenation to the fully 
unsaturated pyrrolizin-3-one, in low yield, upon treatment with DDQ (2,3-
dichloro-5,6-dicyano-1,4-benzoquinone).14 Treatment of the propanoic acids 
with hot polyphosphoric acid has given the isomeric pyrrolizin-1-ones,14 















Micheel and Kimper reported in 1936 18 that under hot acetic 
anhydride conditions, diacid 16 gave a pyrrolizine-3,3-diol, treatment of 
which with methanolic hydroxide led to the formation of a hemiketal. These 
structures have been questioned in earlier reviews,4,5 and it is more likely 
that the compounds shown in Scheme 4 were obtained. 
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The preparation of pyrrolizin-3-one 17 under the milder conditions 












A useful modification of the rather severe conditions outlined above is 
shown in Scheme 6 below. Conversion of pyrrol-2-ylidene malonic acid 18 to 
its dichloride allowed ring closure to occur under mild conditions without 
decarboxylation. Thus, a variety of 2-functionalised pyrrolizin-3-ones 19 has 
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0 	 0 
19 R= OH, OEt, NMe2 
Scheme 6 
Gilchrist and Lemos have recently described the synthesis of several 2-
acylamino-5-acyl-1 ,2-dihydropyrrolizin-3-ones 20 from pyrrole via cyclisation 
of a propanoic acid 21 upon treatment with a dehydrating agent (Scheme 
7).19a The cyclisation to the lactam through treatment of the acid with DCCI 
(dicyclohexylcarbodiimide) was low yielding. However, the use of 2-chloro-
(ci) 
4,6-dimethoxy1,3,5triazine subsequently allowed the ring closure to 
proceed in excellent yield (Table 1). One drawback remains the necessity for 












Table 1 Conditions for Scheme 7 
R1 R2 Conditions Yield 
t-Bu H A 20% 
t-Bu CF3 A 22% 
t-Bu CF3 B 94% 
Bn CF3 I 	B 80% 
Conditions A:- DCCI! THF/ 0C/ 30 mm 
B:- CDT! N-Me.Morpholine/ 
[CH2C12:THF (3:1)1/ -10C/ 4 h 
(ii) Base Catalysed Ring Closure 
3,4-Bond formation may also occur through base catalysed elimination 
from pyrrole propenoic and propanoic acid derivatives. For example, 
treatment of the dipyrrylmethene 22 with a small amount of alkali resulted in 
the formation of a 1-(pyrrol-2-yl)-pyrrolizin-3-one 23, by elimination of 
ethanol from the ethylene form of the dipyrrylmethene (Scheme 8).20 
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2-Phenylpyrrolizin-3-one 6 has been observed12 as a minor product 
(12%) from the Wittig reaction of 2-formylpyrrole and triphenylphosphine((X-
ethoxycarbonylbenzylidene), presumably via base catalysed ring closure of 
the expected 2-phenyl-3-(pyrrol-2-yl)propenoate ester. 
A number of 2,2-disubstituted-1,2-dihydropyrrolizin-3-ones have been 
obtained in a related manner from pyrrole Mannich bases, 21 -23 as outlined in 
Scheme 9. Reaction of 2-(dialkylaminomethyl)pyrroles and acylaminomalonic 
esters gave the expected alkylation products 24. Under the reaction 
conditions these then cyclised to 1,2-dihydropyrrolizin-3-ones such as 25. In 
an analogous reaction, alkylation of diethyl malonate with pyrrole Mannich 
base gave a compound tentatively identified as bis-2,2'-(1,2-
dihydropyrrolizin-3-one) 26. 21 
NHCOR 1 CHN Me2 	RCONHCH(CO2Et)2 [ci' 
] 




PhCH3/ i 	<5% 










CH2 Ph 38% 
Scheme 9 
12 
The dinitrile 27, formally a masked pyrrol-2-ylidene malonic acid, 
similarly cyclised in hot ethanol upon treatment with a catalytic amount of 
piperidine, to form an iminopyrrolizine 28. Alkylation with methyl iodide 
followed by hydrolysis of the resulting ammonium salt produced the 1,2-
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29  
1-2 Drops piperidine 
10. 
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NMe2 .I 
Scheme 10 
(iii) Flash Vacuum Pyrolysis 
The efficient synthesis of pyrrolizin-3-one 1 by flash vacuum pyrolysis 
of the precursor 30, obtained from the Knoevenagel condensation of 2-
formylpyrrole and 2,2-dimethyl-1,3-dioxane-4,6-dione (Meldrum's acid), has 
been reported by McNab.25 Evidence exists26 for the lactam function being 















intramolecular N-acylation, as shown in Scheme 11. Several substituted 
pyrrolizin-3-ones 31 have since been prepared in good yield by this method 
(Table 2). Note however, that the proposed [1,71H-shift prevents the 
introduction of substituents in the 2-position of pyrrolizin-3-one.27 
R4 	R1 
R3 T 
R2 	0 31 
Table 2 
R1 R2 R3 R4 Yield Reference 
Me H H H 73% 28 
H Me H H 79% 28 
H Ph H H 88% 29 
H H Ph H 
84%a 29 
H H H Ph 
H H Br H 88% 30 
H H H OMe 31 
Note 
a) Yield for mixture of 6- and 7-phenylpyrrolizin-3-ones. 
14 
(c) 	7,7p Bond Formation 
Flitsch has recently described32 the synthesis, by an intramolecular 
Wittig reaction, of IH-pyrrolizin-3,6(2H ,5H)-dione,32a. This is tautomeric 
with 6-hydroxy-1 ,2-dihydropyrrolizin-3-one,32b. Consequently, a number of 
6-substituted-1,2-dihydropyrrolizin-3-ones has been obtained from the 





















34 H 86% 
CH3 54% 
15 
2. 	PREPARATION OF PYRROLIZIN-3-ONES 
BY FORMATION OF TWO BONDS 
(a) 	1,2:3.4 Bond Formation 
Bestmann and co-workers have developed an efficient route to a number of 
heterocycles in which phosphacumulene ylides 33 are key building blocks.33 
Triphenyiphosphoranylidene 	ketene 	33, 	(X=O) 	combined 
Ph3PC=C=X X = 0, S 7 NPh, 
33 	
fluo re nyl. 
with 2-acylpyrroles by N-acylation and intramolecular Wittig reactions to 
give 1-substituted pyrrolizin-3-ones in high yield (Scheme 13).34 1-
Phenylpyrrolizin-3-one 34 has been prepared with similar efficiency using 















Bohlmann et al have subsequently shown that 33 (X=O) can also react 
with 2-pyrrolecarboxylic esters to produce the 1-alkoxypyrrolizin-3-ones 35-
37,36 and have utilised this in the synthesis of 5,7a-didehydroheliotridin-3-
one 38 (Scheme 14) [see Section C.2 (b) for further details].37 However, as 
with the pyrolytic method described previously, it is not possible to prepare 
2-substituted pyrrolizin-3-ones by this phosphacumulene ylide methodology. 
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35 B H 	55% 
36 Et CR2 OBn 70% 






1,2-Dihydropyrrolizin-3-ones have been produced, in moderate yield, 
from more conventional ketenes (Scheme 15).38 In this case, the reaction 
involved the [6+2] cycloaddition of a ketene 39 with a 6-morpholino-1-
azafulvene 40. Where R1=H, R2=Ph, the 'anti' cycloadduct 41 was formed 
stereospecifically. This spontaneously underwent cis-elimination to produce 
fully oxidised 2-phenylpyrrolizin-3-one 6 in low yield. 
17 
(b) 	1,7a:3,4 Bond Formation 
The 1-aminopyrrolizin-3-ones 42-44 have been isolated from the 
Vilsmeier-Haack acylation reaction of pyrroles with certain amides.39,40 
Where the pyrrole ring is heavily substituted, the likely propenoate 
intermediate 45 has been isolated, and shown to proceed to the pyrrolizin-3-
one 44 via thermal elimination of ethanol (Scheme 16). 40 
Iminium Perchlorate 	R 1 R2CHCOCI 	 0 
Et3N/PhH/r.t. 	 C) 
R1R2C=C=0 	
R1 N 	
39 	 HNo 























R2 	NR12 A1 R2 	R 3 X 
42 Me  H NMe2 6% 
NNN 
42 Me  H OEt 29% 
\ 43 Et H 	H OEt 31% 
R2 	0 
44 Et Me Et OEt 24% 
Scheme 16 
11:3 
3. MISCELLANEOUS METHODS 
Pyrrolizin-3-ones have been obtained by Flitsch and co-workers via 
dehydrogenation of partially hydrogenated derivatives, in excellent yield, as 
shown in Scheme 17 [c.f. dehydrogenation of 14, Section A.1(b)(ii)]. Ethyl 3-
oxo-3H-pyrrolizine-7-carboxylate 46 was prepared by treatment of the 
dihydro system 47 with manganese dioxide.41 Selective dehydrogenation of 
48 with lead tetraacetate gave the corresponding 1,2-dihydro-3-oxo-3H-
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50 using the same reagent gave 1-acetoxy-1,2-dihydropyrrolizin-3-one 51 as a 
minor product.32 
The attempted oxidation of the alcohol 52 to a ketone led instead to the 
formation of the dehydration product 53 in 35% yield. Subsequent removal of 
the protecting group gave the sodium salt 54 of the y-lactam type system 1,2-
dihydro-3-oxo-pyrrolizine-5-carboxylic acid (Scheme 18).43 
Scheme 18 
Preparation of 1 ,2-dihydropyrrolizin-3-ones by hydrogenation of 
pyrrolizin-3-ones is discussed in Section C.1(a). 
4. PREPARATION OF RELATED COMPOUNDS 
A few classes of compound which are formally derivatives of 
pyrrolizin-3-one are known. As they were not obtained from a pyrrolizin-3-
one, it is more convenient to mention them at this point rather than include 
them in Section C of this thesis. 
A number of N-substituted 3-iminopyrrolizines 55, have been 
prepared from 2-acylpyrroles and phosphonoketenimines in a similar 
manner to the phosphacumulene ylide route to pyrrolizin-3-ones [Section 
A.2(a)1 .34,44,45 1 -Amino-2-cyano-N-unsubstituted-3-iminopyrrolizines 56 
were obtained from 2-(pyrrol-2-yl)methylenema1ononitriles,2446 as described 
AIJ 
previously [Section A.1(b)001. The benzylidene 5747,48  and oxime 5848 
derivatives of pyrrolizin-3-one were prepared from pyrrolizine, as was the 
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5. 	PREPARATION OF AZAPYRROLIZIN-3-ONES 
While the pyrrolo[1,2-a]imidazol-5-one moiety 2 is well documented in 
the patent literature,50 typically as a component of heat resistant polymers,51 
it is only through the application of the flash vacuum pyrolysis methodology 
developed by McNab [see Section A.1(c)], that pyrrolo[1,2-a]imidazol-5-one 
2, pyrrolo[1,2-c]imidazol-5-one 3 and pyrrolo[1,2-b]pyrazol-6-one  4 have been 
synthesised,7 although with varying success (Scheme 19). 
A small number of partially hydrogenated azapyrrolizinone systems 
analogous to 1,2-dihydropyrrolizin-3-one have been known for considerably 
longer than their parent systems. Several 6,7-dihydro-7,7-
diphenylpyrrolo[1 ,2-a]imidazol-5-ones 60 have been obtained by the efficient 
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Ph Ph Ph 	100% 
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Only one 6,7-dihydropyrrolo[1 ,2-c]imidazol-5-one has been 
reported.53 The 6-substituted compound 61 was produced from an 
appropriate histidine by intramolecular N-acylation. 
N"1)- NHCO(p - C 6H4NO2) 
0 
61 
Scheme 21 below outlines the method by which the pyrazoles 62 were 
prepared.54 Insertion of an electrophilic acetylene into an iminophosphorane 
63 is followed by an intramolecular Wittig reaction of the initial product. 
0 










A 1 = R 1 
PhH/r.t./1 5 mm 
or 
PhH/ i /3 h 
IF 
I 	Ri ° 
R 1\j K1 
[Ph3P 	 0 	
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CO2Me Ph 	76% 
CO2MePhCH2 50% 
COPh PhCH2 	76% 
Scheme 21 
23 
6,7-Benzofused examples have also been obtained by this means. The amino 
substituted pyrrolo[1,2-b]pyrazol-6-one 64 was prepared in a rather more 
straightforward manner from a pyrazole propanoate(Scheme 22).55 
Me— 	 c.HCl/i /5h 	Me_(Tt*13 
H CO2Et 




B. PHYSICAL PROPERTIES 
In reviewing the physical properties of the pyrrolizin-3-one and 
azapyrrolizinone systems, the significance of the available information to the 
structure of these heterocycles will be noted. In particular, emphasis will be 
placed on establishing the contribution made, if any, to their overall structure 
by the antiaromatic 8n-electron canonical forms B and C, which would be 
obtained upon amide type delocalisation of the N-lone pair (Figure 2). With 
one exception, there has been no systematic study of the physical properties 
of pyrrolizin-3-ones. 
fNq 44 	 No 	 4 	 0- 
~
/ L \*11 
 PD  
0 	 0 
A 	 B 	- 	
C 0- 
Figure 2 
1. 	ULTRA-VIOLET AND VISIBLE SPECTRA 
The intensely coloured pyrrolizin-3-ones have characteristic 
absorption bands at 290-310 nm and 410-450 nm, in addition to which there 
may be bands present associated with substituents (for example:- An 250-260 
nm; COX: Ca. 230 nm) [Table 3(a)]. The stronger band at 290-310 nm is 
consistent with the bathochromic shift associated with the introduction of an 
electron withdrawing substituent to pyrrole.57 The extinction co-efficient (log 
F_ — 4) is similar to those reported for pyrroles conjugated with a cis-alkene.58 
Variation in substituent has little effect on this absorption band. 
The much weaker absorption band in the visible region is more 
susceptible to variation according to the substituents present; however, no 
a 
Table 3 	UV/Visible Absorvtion Maxima of Pyrrolizin-3-one and Derivatives 65 
Substituent 3-X Solvent Amax mm (log e) References 
H 0 EtOH 292 (5.0) 416 (3.7) 12 
1-Me 0 EtOH 285 (3.87) 412 (2.83) 12 
2-Ph 0 EtCH 256 (4.11) 293 (3.74) 440 (3.38) 12 
1,2-Ph2 0 204 (4.58) 252 (4.31) 490 (3.50) 56 
617-Ph2 0 CHC13 255 (4.29) 354 (4.06) 446(3-06 13 
5,6-(MeOPh)2 0 EtOH 263 (4.32) 291 (4.24) 490 (3.25) 14 
2-CO2H 0 EtOH 230 (3.98) 302 (3.61) 352 (3.52) 442 (3.06) 19 
2-COC1 0 CH2Cl2 232 (3.79) 264 (3.6) 300(3-59) 376 (3.56) 465 (3.08) 19 
2-CO2Et 0 EtOH 230 (4.13) 296 (3.71) 448 (3.16) 19 
2-CONEt2 0 EtCH 228 (3.83) 294 (3.94) 434 (3.26) 19 
7-CO2Et 0 EtCH 227 (4.04) 303(3-94) 425 (3.1) 41 
5,7-Me2-6-CO2Et 0 Cyclohexane 255 (4.2) 300 (3.8) 439 (3.22) 10 
1-Me2N 0 EtCH 212 (4.13) 274 (4.18) 308 (4.10) 431 (3.32) 39 
1-(N-piperidinyl)- 0 MeOH 237 (4.37) 277 (4.15) 302 (4.27) 421 (3.38) 24 
1-(N-piperidinyl)- NH MeCH 239 (4.36) 287 (4.25) 445 (3.27) 24 
2-CN 317 (4.29) 
H NOH EtCH 372 (3.3) 48 
H CPh2 EtCH 242 (4.11) 342 (4.23) 407 (3.6) 47 
r'J c-n 
26 
pattern is apparent. Any substituent, other than a simple methyl group, 
increases the wavelength of the longer wavelength absorption relative to the 
parent. It would appear that vicinal phenyl disubstitution may cause a 
particularly large bathochromic shift of this band to 490 nm. No explanation 
has been given for the occurrence of the longer wavelength band, although it 
has been attributed to a low energy electronic transition associated with the 
presence of the pyrrolone ('east') ring.lO 
Similar absorption bands to those observed for pyrrolizin-3-one are 
also seen for the derivatives 65, XO[Tab1e 3(b)]. The variations, however, 
are clearly much greater than for simple substituted pyrrolizin-3-ones. 
Insufficient data on the 1,2-dihydropyrrolizin-3-ones have been 
published for any pattern to emerge. However it is worth noting that there is 
no longer an absorption present in the visible region (Table 4). 
7 	1 	 7 
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Table 4 	UV/ Visible Absorption Maxima of 
I .2-DihvdroDvrrolizin-3-ones 66 
Substituents Solvent max.Inm (log c) Reference 
5,6-Me2 CH2C12 228 (4.0) 	270 (3.6) 17 
1,2-Ph2 214 (4.2) 	238 (4.4) 	315 (3.7) 56 
5,6-(MeOPh)2 EtOH 250 (4.5) 	302 (4.1) 14 
7-CO2Et EtCH 223 (4.3) 	 290 42 
5,7-Me2-6-CO2Et C6H12 225 (4.4) 	260 (4.2) 10 
Analogous features to those exhibited by pyrrolizin-3-one 1 are 
observed in the UV/Visible spectra of the azapyrrolizin-3-ones 2-4 (Table 5).7 
Each system shows a strong absorption in the region 250-300 nm, associated 
27 
with the appropriate heterocycle, and a much weaker absorption at longer 
wavelength which tails into the visible region. 
Table 5 	UV/ Visible Absorption Maxima 
of Pvrrolizin-3-one 1 and Aza Analogues 2-4 
Compound Solvent XTMx. mm Reference 
1 EtOH 292;416 12 
2 CHC13 254; 410 8 
3 CHC13 275; 366 8 
4 CHCI3 295; 345 8 
2. 	INFRA-RED SPECTRA 
The main feature of interest in the JR spectra of pyrrolizin-3-ones has 
been the position of the carbonyl stretching frequency. This band is generally 
found at 1730-1745 cm-1 (parent 1740 cm -I).12 These values are remarkably 
high for amides, even for acyl pyrroles,59 and are consistent with a lack of 
normal amide type delocalisation. The presence of an amino group at 
position-1 substantially reduces the carbonyl absorption frequency (Table 6), 
presumably due to an increased degree of conjugation. The imine 
Table 6 	JR Absorvtion Maxima of 1-AminoDvrrolizin-3-ones 
Compound R Vmax 
/cm-1 Reference 
R H 1740 12 
\\ C\N NEt2 1725 40 
0 
Me 	R H 1740 12 
Et02C 
NEt2 1710 40 
Me 	0 
M. 
analogues of pyrrolizin-3-one exhibit C=N absorptions (1645-1660 
Cm-1),24,44,45 typical of a,3-unsaturated imines.60 As would be expected of 
enones and their saturated analogues, 1,2-dihydropyrrolizin-3-ones appear 
to have a slightly greater carbonyl stretching frequency than the fully 
unsaturated system, normally in the range 1740-1765cm-I (parent 1750cm -I)12 
with 2-acylamino derivatives at even higher frequency (1769-1787 cm-1).19a 
The carbonyl bands of the azapyrrolizin-3-ones 2-4, shown in Table 7, 
do not seem to differ substantially from analogous monocyclic systems.6I 
Partially hydrogenated examples of 353  and 454  again have the carbonyl 
absorption at slightly higher frequency than in the parent system. 
Table 7 	JR Absorption Maxima of 
Azanvrrolizinones 2-4 




3. NMR SPECTRA 
A thorough investigation of the NMR spectra of pyrrolizin-3-one and 
the three aza systems 2-4 has been reported by McNab.8 However no specific 
studies have been made of the effect of substituents, nor of the NMR spectra 
of 1,2-dihydropyrrolizin-3-one and its aza analogues. 
The IH NMR spectra of pyrrolizin-3-ones contain two characteristic 
sets of signals. The pyrrole resonances are found at SH  6.80-7.05 (H-5) and oH 
5.90-6.30 (H-6/7), and are typical of N-acyl pyrroles;62 the enone resonances 
occur at 8H  7.00-7.15 (H-i) and SH  5.55-5.80 (H-2). These values can however 








H-5 H-6 H-7  
Reference 
CDC13 7.04 5.63 6.85 5.95 5.95 7 
1-Me CDC13 - 5.39 6.86 (5.97 5.99) 28 
2-Me CDC13 6.68 - 6.83 5.93 5.82 63 
5-Me CDC13 7.02 5.59 - 5.63 5.89 28 
7-Me CDCI3 7.05 5.56 6.81 5.56 - 63 
1-Ph CDC13 - 5.80 6.85 6.25 6.25 34 
2-Ph CDC13 7.05 - 6.83 5.92 5.92 38 
5-Ph CDC13 7.10 5.69 - 6.19 6.07 29 
6-Ph CDCI3 7.13 5.73 7.18- - 6.35 29 
7.46 
7-Ph CDC13 7.32 5.72 6.97 6.27 - 29 
2-CN CDC13 7.67 - 7.05 6.20 6.42 64 
2-COMe CDC13 7.82 - 7.01 6.15 6.38 64 
2-CO2H DMSO 8.1 - 7.29 6.23 6.52 19 
2-COC1 Acetone 8.07 - 7.18 6.24 6.51 19 
2CONEt2 Acetone 7.39 - 7.03 6.12 6.24 19 
2-CO2Et CDC13 7.84 - 7.04 6.14 6.35 19 
5-CO2Et CDC13 7.12 5.80 - 6.78 6.01 63 
7-CO2Et CDC13 7.50 5.80 6.90 6.40 - 41 
1-Me2N CDC13 
- 4.22 6.98 6.06 6.06 40 
1-Et2N CDC13 
---- P 435 7.03 6.10 6.10 40 
1-BnO CDC13 - 5.12 6.95 6.15 6.05 36 
1-EtO-7- CDC13 4.73 6.96 6.14 - 37 
-BnOCH2 
6-Br I 	CDCI3 7.09 5.72 6.93 - 6.00 30 
30 
A weakly electron releasing methyl substituent causes a 'lou 
frequency shift of ASH  0.2-0.4 ppm of protons in adjacent positions. 
kL 
Conversely the anisotropic effect associated with a phenyl group causes a' 
frequency shift of adjoining protons of similar magnitude. Introduction of an 
electron withdrawing substituent in the 2-position results in deshielding of 
all protons. The effect is especially strong at those positions with which the 
substituent is conjugated [(H-I), EH 0.4-1.0 ppm, and (H-7), ASH 0.3-0.6 
ppm]. Carboxylate substitution in the pyrrole ('west') ring causes the greatest 
deshielding at the adjacent positions. As has been observed in many fused 
ring systems,65 the presence of a phenyl or a carboxylate substituent at the 1- 
or 7-positions of a pyrrolizin-3-one causes a significant increase in the 
chemical shift of the peri proton, ASH  0.2-0.5 ppm. 
The only examples reported of pyrrolizin-3-ones containing a 
conjugatively electron donating group have this substituent in the 1-position. 
Not surprisingly, this results in a substantial shielding of H-2; for example, 
A SH 1.3-1.4 ppm for I-aminopyrrolizin-3-ones, and ASH  0.5-0.9 ppm for I-
alkoxypyrrolizin-3-ones. A slight deshielding (ASH < 0.25 ppm) of the pyrrole 
protons also occurs. 
Variation in substituents has little effect on 1H-1H coupling constants. 
Typical values are shown in Figure 3. It has previously been noted8 that 
couplings observed in the 'western' ring are consistent with simple 
pyrroles,57 while 3J1,2  6 Hz is typical of cyclopentenones.66 Some cross ring 
couplings are also present; of particular note is 612,6 0.9 Hz, which appears to 
be characteristic of conjugated fused 5-membered rings with a bridgehead 
nitrogen.67 
The IH NMR spectra of the imine, oxime and benzylidene derivatives 
68 of pyrrolizin-3-one generally exhibit the patterns found for the pyrrolizin-
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Figure 3 1 H NMR coupling constants (Hz) for pyrrolizin-3-one 8 
relative to the parent system. Reduced polarisation of the 1,2-olefinic bond 
upon replacement of the carbonyl causes H-i to be shielded and H-2 to be 
deshielded vis a vis pyrrolizin-3-one (Table 9). 
1,2-Dihydropyrrolizin-3-ones 69 have similar pyrrole type resonances to their 
fully unsaturated parent (Table 10). The signals corresponding to the protons 
in the 1- and 2-positions are found at 8H  2.80-3.10. When the 1-position is 
substituted with oxygen or halogen containing groups, the methine (H-i) 
resonance occurs from 8H  4.97-5.95. Resonance at 8H  5.70-5.95 is typical of 
1,2-dihydropyrrolizin-3-one containing natural products,68- 74 such as 70. A 
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Table 9 Selected 1 H NMR Data for Derivatives 68 of Pvrrolizin-3-one 
R1 R2 3-X Solvent 
H-I H-2 
811 /ppm 




NMe2 CN NH DMSO - --- 7.35 6.35 6.35 ---- 46 
H Me NEt CDCI3 6.46 -- 6.90 6.05 5.76 15,6 3.0; 
3
J6,7  3.6 45 
Me Me NEt CDCI3 - - 6.79 6.06 5.79 15,6 2.8; 3J6,7  3.2 45 
Me H NEt CCI4 554 7.0 554 -6.10 ---- 45 
6.10 
H H NOH CDCI3 6.79 6.2 7.55 6.2 6.2 11,2 5.8; 315,6 2 .5 ; 48 
31 
157 
H H CPh2 CCI4 6.35 6.10 5.80 5.60 5.60 J1,2 5.9 47 
H H CPh.Bz I 	CDCI3 1 	6.55 6.20 6.65 5.75 5.75 J1,2 5.9 47 
cJ 
Table 10 	1H NMR Data for Selected I,2-Dihydropyrrolizin-3-ones 69 
R1 R2 R3 R4 R5 Solvent 
H-I H-2 
SH /ppm 




H2 H2 H H H CS2 2.95 2.95 6.90 6.37 5.88 --- 12 
H2 H2 Me Me H CC14 2.80 2.80 - - 5.53 17 
H2 H2 MeOPh MeOPh H CDCI3 30() 3.00 ---- ---- 6.25 - 14 
H2 H2 H H CO2Et CDCI3 3.06 3.26 7.02 6.81 ---- 315,6 3 42 
H2 H2 CHO Cl H CDCI3 3.05 3.10 - - 6.13 
--------- 32 
Br.H H2 H Br H CDCI3 5.40 3.67, 7.17 6.34 212a,b 19.4; 30 
3.31 
311,2b 2.1 
EtO.H H2 H H BnOCH2 CDCI3 4.97 3.28, 7.05 6.51 2J2a,b 18; 3j1,2a 	; 37 
2.94 
31L2b 2; 3J5,6  3 
OH.H H2 H H CH20H CDCI3 
5.36 3.37, 7.02 6.34 
---- 37 
2.98 
H2 NHBoc. COCF3 H H CDCI3 3.57, 4.64- 7.55 6.24 212a,b 17.6; 311,2a 8.7; 19a 
H 3.18 4.61 3I. 	5.5. 1,2b 
H2 H2 H OCO2Et H CDC13 2.93 3.04 7.08 ---- 5.91 
4J5,7 1.2 32 
H2 H2 H 
OCH2- H CDCI3 2.90 2.99 6.58 ---- 5.80 
4J5,7 1.3 32 
-CH2OH 
N-Mor. Me2 H H H CDC13 3.67 ---- 6.99 6.43 6.15 38 
H 
N-Mor. Ph2 H H H CDC13 4.71 ---- ---- 6.42 6.18 38 
H 
- 
OR.H H2 H H CH20R CDC13 5.93 3.69, 7.10 6.57 
- 




dihydropyrrolizin-3-ones is observed for 2-acylamino-I ,2-dihydropyrrolizin-
3-ones. In both I- and 2-substituted systems the proton anti to the substituent 
is particularly vulnerable to deshielding. This is particularly noticeable in the 
spectra of the natural products. The vicinal couplings associated with the H-I 
and H-2 resonances suggest that the partially reduced ring is essentially 
planar, and the H-2 geminal coupling is consistent with the presence of an 
adjacent ic-bond.65 
Table II gives the IH NMR parameters of azapyrrolizinones 2-4.8 The 
resonances in the 'western' rings of these systems are slightly shielded with 
respect to simple model compounds, 75 while the enone resonances show a 
small high frequency shift relative to pyrrolizin4-one. It has been noted8 
that three and four bond 1H-1H coupling constants are analogous to those of 
simple heterocycles. Long range cross ring couplings are also observed; for 
example 6JE,W  0.8 Hz (c.f. pyrrolizin-3-one). 




Hsw Hw H 
Coupling Constants  
/Hz 
1 CDC13 7.03 5.61 6.84 	5.94 5.94 See Figure 3 
2 CDC13 7.23 6.02 6.96 	7.03 - 3JNE,E 6.1; 
3, 	6, 1sw,w1.8; JW,E 0.7 
3 CDC13 7.32 5.86 7.76 	- 6.81 31NE,E 5•9; 
6JNE,SW 0.7 
4 CDC13 7.19 5.97 - 	 7.61 6.12 3JNE,E 6 .2 
I 	3JNw,w .3;_61W,E 0.9 
35 
Table 12 	13C NMR Data for Pyrrolizin-3-one 1 
and it-s Aza Analogues 248 
Compound Solvent 
CNE CE 
8C /l-W 	( 11CH/Hz) 
CSE CSW 	C, CNW CN 
1 CDC13 138.26 121.69 165.31 118.63 115.39 111.53 136.88 
(176.3) (181.8) (-) (192.1) (174.3) (175.0) (-) 
2 CDC13 136.98 127.61 162.60 114.12 134.93 - 155.64 
(181.8) (185.5) (-) (197.0) (193.1) (-) 
3 CDC13 138.01 123.35 162.41 134.44 - 126.53 134.98 
(179.1) (183.0) (-) (216.9) (198.5) (-) 
4 CDC13 133.88 125.44 161.49 - 148.54 105.51 146.51 




Figure 4. 15N And 170 NMR Chemical Shifts of Pyrrolizin-3-one 
(relative to nitromethane and H20 respectively) 8 
The 13C  NMR spectra of 1-4 (Table 12)8 follow a similar pattern to the 
1H NMR spectra, with the chemical shift and 11c-H  values of the 'west' ring 
again being analogous to those of simpler systems. 76 The chemical shifts of 
the carbonyl carbons in 1-4 suggest that these groups are amidic in nature. 
Similarly the chemical shifts of both the enone methine carbon and proton 
resonances are much closer than would be expected for simple cyclic enones. 
In contrast, the 15N  and 170 spectra of pyrrolizin-3-one (Figure 4)8  indicate 
rather more ketone character. A number of long range 1H-13C couplings are 
seen in the 13C  NMR spectra of 1-4 (Figure 5).8  It is noticeable that in this case 





Figure 5 Long Range nICH  (Hz) of Pyrrolizin-3-one 8 
The only 13C  NMR data published for a 1,2-dihydropyrrolizin-3-one is 
that for the natural product 70 (Figure 6). There are no significant changes in 
the resonances of the pyrrole ('west') ring carbons, nor of the carbonyl, 
compared with pyrrolizin-3-one and the chemical shifts of C-I and C-2 are 
much as would be expected. However, the assignment of the C-5 and C-6 
resonances may be questioned on the basis of their 1JcH  values. For 
example, 1JcH for C-6 is more akin to the known large values for the a- 
positions of pyrroles. 
AcO 
117 	136.8 65.159) 
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Figure 6. 13C NMR Chemical Shifts and 1JCH  (Hz) (in parentheses) of 7068 
37 
No information has been published on the NMR spectra of the 
dihydroazapyrrolizinones with the exception of the heavily substituted 4,5-
dihydropyrrolo[1,2-b]pyrazol-6-ones 62 (Table 13).54 Both the bridgehead and 
the carbonyl quaternaries are deshielded in comparison to the fully 
unsaturated parent, by L.öc 6-7 ppm and Etö 8-12 ppm respectively. The 
methylene group [H-5(cx/)1 appears to be sensitive to variations in 
substituent at the adjacent position. 
Table 13 	Selected NMR Data for 
4,5-Dihydropyrrolo[1,2-b]pyrazol-6-ones 62 54  
R 1 
3a 4 
R 1 5 
- K N_N 6 R2 
62 0 
R1 R2 oH/ppm 0c /ppm 
H-4 C-3a 	C-4 	C-6 
CO2Me Ph 4.80 154.14 37.38 169.63 
CO2Me PhCH2 3.14 155.3 	27.87 	173.42 
COPh I 	PhCH2 3.08 1 - 	 ----- 	 - 
4. MASS SPECTRA 
Although mass spectroscopy has been used in the characterisation of 
pyrrolizin-3-ones, few fragmentation patterns have been reported and no 
specific study has been carried out. Under electron impact conditions, 
pyrrolizin-3-ones show strong M+ peaks, these often being the base peak. 
Substantial peaks are observed due to initial loss of CO. followed by HCN 
(Scheme 23, R=H).12,30 This may result in the formation of the 
cyclopropenium radical cation, m/z = 64. A peak is also observed at 
m/z = 63/64 for pyrrolizin-3-ones containing substituents in the 6- and 7-
positions; hence, loss of substituent must occur prior to the generation of the 
cyclopropenium species. When the 5-position is blocked by R=Me, 28 or by 
R=Ph,29 M-HCN (m/z = 78 and m/z = 139/140 respectively) is present along 
with M-RCN, (m/z = 63). Further study is required to explain the loss of HCN 
when the 5-position is blocked. An alternative rearrangement must therefore 
be involved in the fragmentation mechanism. 
-CO 
NQ 
R o 	 R 
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2-Acylpyrrolizin-3-ones undergo loss of X and COX (X= Cl,OH, NEt2, 
OEt, and Me) prior to fragmentation of the pyrrolizin-3-one moiety,1964 
while ethyl 3-oxo-3H-pyrrolizine-7-carboxylate 46 loses either CO2Et or 
CO/HCN as the first fragmentation step. 44 2-Cyanopyrrolizin-3-one is rather 
39 
more stable with the usual losses of CO and HCN being the initial 
fragmentations.64 
In the fragmentation of the pyrroloimidazolones 2 and 3,7  it is likely 
that initial loss of CO is followed by the loss of two molecules of HCN, while 
in the mass spectrum of pyrrolo[1,2-b]pyrazol-6-one 4, the peak at m/z = 64 
(M-56) is probably due to loss of CO and N2. 
In each of the examples of 1,2-dihydropyrrolizin-3-ones for which 
fragmentation patterns have been reported,3041,42 partial or complete loss of 
side chains has occurred before the usual fragmentations have been observed. 
5. STRUCTURE 
Only one X-ray structure has been published for a pyrrolizin-3-one,30 
the bond lengths and angles of which are shown in Figure 7. 6-
Bromopyrrolizin-3-one exhibits planar geometry at all positions including the 
bridgehead nitrogen. Alternation of the bond lengths in the pyrrole (west') 
ring indicates a reduction in delocalisation compared with pyrrole. Similarly, 
the bond lengths in the pyrrolone ('east') ring trny limited conjugation of the 
olefinic [C(1)-C(2)] bond with the pyrrole ring. Of particular note are the C-N 
bond (1.419 A) and the C=O bond (1.198 A) which are significantly longer 
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Figure 7. (a)Bond lengths and (b) bond angles of 6-bromopyrrolizin-3-one.30 
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In addition however, there has recently been reported the structure of 
a selected details of 
which are shown in Figure 8. As in the fully unsaturated 6-bromopyrrolizin-
3-one, the amide C-N bond (1.423 A) and C=O bond (1.182 A) are consistent 
with a lack of amide character. The system is again planar at all positions, 
with the exception of a small displacement (60)  of the carbonyl oxygen atom 
from planarity. It is likely that the increased length of the N(4)-C(5) bond is 
due to the presence of the 5-acyl substituent. Few details of the bond lengths 
of the dihydropyrrolone ('east') ring were given. However, the small 
differences (2-3 standard deviations) in bond angles in this ring, in 


























(a)Bond lengths and (b) bond angles of a 1,2-dihydropyrrolizin-3-one 20.19a 
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6. CONCLUSION 
The overall conclusion from the physical evidence available is that the 
two rings of the pyrrolizin-3-one system behave essentially independently. 
There is no evidence for delocalisation of the potential 87t-electron system, 
although a small amount of amide-like interaction does seem to occur. 
42 
C. CHEMICAL PROPERTIES 
1. 	REACTIONS OF PYRROLIZIN-3-ONE 
The pyrrolizin-3-one nucleus is potentially a highly reactive system 
containing as it does, enone, N-acyl, and pyrrole functionality. However, as 
yet little study has been made of the reactivity of the ring system due to its 
limited accessibility. 
(a) 	Reduction of the Pyrrolizin-3-one Nucleus 
Pyrrolizin-3-one 1:12  and the substituted pyrrolizin-3-one 810  have both 
been reduced to the corresponding 1,2-dihydropyrrolizin-3-ones 71 and 72 
under mild Pd-C catalysed hydrogenation conditions (Scheme 24). Similarly, 
the 7-alkoxymethyl-1 ,2-dihydropyrrolizin-3-ones 73-75 have been obtained 
from the parent pyrrolizin-3-ones by hydrogenation with Pd on barium 
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An Italian group has reported56 that hydrogenation of the 
diphenylpyrrolizin-3-one 5 in ethanol in the presence of Adam's catalyst gave 
a mixture of 1,2-dihydro- and 1,2,6,7-tetrahydropyrrolizin-3-ones 76 (a) & W. 
In acetic acid, hydrogenation of 5 and of the mixture of partially reduced 
systems resulted in the production of the fully hydrogenated pyrrolizidine 77 
(Scheme 25). 
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Scheme 25 
The diphenylfulvene 57 and oxime 58 analogues of pyrrolizin-3-one 
have also been reduced to their 1,2-dihydro derivatives. 48 
(b) Reactions Involving Ring Opening 
Pyrrolizin-3-ones generally react readily with hydroxidell78 or 
alkoxidelO,12,41 ions to give the ring-opened (Z)-3-(pyrrol-2-yl)propenoic 
acids 78, or the appropriate ester 79, respectively. Agosta has reportedlO a 
comparative study on the kinetics of ring opening by ethoxide of the 
44 
pyrrolizin-3-one 8 and its 1,2-dihydro derivative 72. The results indicated no 
significant difference in the 'pseudo first order' rate constants for the two 
systems, although the unsaturated system was slightly more rapidly cleaved. 
R 
CNNT H YC CO 2  
78 R=H;Ph 
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In contrast to the above, 1-(diethylamino)pyrrolizin-3-one 43 was 
stable to ethanolic sodium ethoxide. 40 However, upon treatment with 
aqueous acid or alkali, 42 and 43 have been hydrolysed to 2-
acetylpyrrole,39 40 probably via a -keto acid (Scheme 26). 
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Treatment of 1 ,2-diphenylpyrrolizin-3-one 5 with sodium borohydride 
in ethanol, resulted in the production of the allylic alcohol 80.56 
Ph 
Ph 
C\ TNH CH2OH 
80 
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The pyrrolizin-3-imine 28 has also been ring opened both by reaction 
with methyl iodide/ sodium hydride, and with aqueous methylamine 
(Scheme 27). 24 
0 
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(c) 	Substitution Reactions 
Pyrrolizin-3-ones have been reported by Flitsch12,79 as undergoing 















Substitution reactions of the 3-imino-3H-pyrrolizine 28 have also been 
described.24 Reaction with trimethyloxonium tetrafluoroborate and with 
acetic anhydride both occurred at the imine N to give 82 and 83 respectively. 
With ethanolic methylamine the amidine 84 was obtained through 
replacement of the piperidinyl group and conversion of the nitrile group to 
an amidine [c.f. reaction of 28 with aqueous methylamine (Scheme 27)]. 
N ) 	 R 	 NHMe 
28 H NMe 
C\ TN \ CN 82 Me (I 83 Ac 	 NH2 
NR 	 NH 
84 
(d) 	Miscellaneous Reactions 
Under acid conditions, changes have been observed in the UV/Visible 
spectrum of the 1-(pyrrol-2-yl)-pyrrolizin-3-one 21.80 The maximum at Ca. 
410-420 nm typical of pyrrolizin-3-ones, was replaced by an absorption at the 
rather longer wavelength of 595nm. This observation may be attributed to a 
rearrangement such as that shown in Scheme 28. Rearrangements of this type 












It has been noted that under the flash vacuum pyrolysis conditions of 
its synthesis [Section A.2 (c)], 6-bromopyrrolizin-3-one 85 is formed in the 
presence of small amounts of HBr. Subsequent electrophilic addition of HBr 
















2. 	REACTIONS OF 1,2-DIHYDROPYRROLIZIN-.3-ONES AND AZA 
ANALOGUES 
(a) 	Reactions Involving Ring Opening 
As mentioned in Section C.1 (b), the 1,2-dihydropyrrolizin-3-one 72 
has been ring opened with sodium ethoxide,IO while the pyrrolo[1,2-
c]imidazol-5-one 61 ring opened to the amide 87 upon treatment with 
benzylamine(Scheme 30).53 











Opening of the pyrrolone ('east') ring of one of the 6,7-
dihydropyrrolo[1,2-a]imidazol-5-ones 60 was effected by neutral methanol, 
although lengthy heating was required. Cleavage of the imidazole ('west') 
ring of such systems has been achieved in good yield by ozonolysis, as shown 
in Scheme 31.5 2 
Ph Ph CN 
0 OMe 
MeOH A& /16h 
Ph 	 90% 
CN JPh 
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(b) 	Substitution Reactions 
Bohlmann has described 15 the introduction of 0-functionality to the 1-
position of 1,2-dihydropyrrolizin-3-ones by two means. Reaction of 1,2-
dihydropyrrolizin-3-one 71 with perbenzoic acid tert.-butyl ester presumably 
gave the 1-benzoate 88 in moderate yield, although the paper indicates that 
the corresponding 1-acetoxy compound was obtained; the 1-acetoxy-1,2- 
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dihydropyrrolizin-3-ones 89-91 were obtained in low yield upon treatment of 
71 with lead tetraacetate (Scheme 32). This second methodology was 
subsequently used in the preparation of 88, en route to 5,7a-
didehydroheliotridin-3-one, 38. 























(c) 	Reactions of Substituents 
O-Deprotection of I -oxy-I,2-dihydropyrrolizin-3-ones has been 
achieved by acid hydro1ysis, 1537 to give I ,2-dihydro-1 -hydroxy-pyrrolizin-3-





75 R 1 = Et; R2=THP 	
38 Rl =R2 =H 
88 R=COPh;R2 =Bn 
(* THP = Tetrahydro-2-pyranyl) 
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D. NATURAL PRODUCTS 
A series of dilactonic pyrrolizidine alkaloids containing a 1,7-
disubstituted-1,2-dihydropyrrolizin-3-one moiety has been isolated from the 
senecio plant species of Chile, Australia, and South Africa by Bohlmann and 
co-workers.68- 74 The first example, pterophoron 70, was isolated in 1977.68 
The following year, isosenaetnin 92 and dehydroisosenaetnin 93 were 
identified.69 The structures of the dozen or so examples of the series now 
known has been established by spectroscopic and chemical means. Whereas 
the absolute stereochemistry of each of the C-7 epimers of 93 was 
determined,70 in many of the examples, including 92, it has not been possible 
to identify the absolute stereochemistry at C-7. 
O 
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Other than 94,71  all members of this series of pyrrolizine alkaloids 
contain a macrocycle such as in 92 and 93. No variation is observed in the 
pyrrolizin-3-one moiety in any example; all structural variations occur in the 
macrocyclic portion of the molecules. The most recently identified member of 
the series, 7-epi-desacetylsenaetnin 95, is one of only two examples containing 
a free hydroxyl group rather than an acetate; 72 the other example is its C-7 
epimer.73 
No study of the biosynthesis of these alkaloids has been detailed. 
However, it has been proposed68 that the final step involves the acid 
catalysed ring closure shown in Scheme 33. 
JH 	 AcO 
70 
Scheme 33 
A reaction of particular interest which was used in establishing the 










diazabicycloundecene (DABU) to generate pyrrolizin-3-ones such as 96 
(Scheme 34). 
There has been no total synthesis of any of the pyrrolizines in this 
series. However, Bohlmann has reported two low yielding syntheses133 7 of 
the pyrrolizin-3-.one portion 38 which are mentioned further in the 
Discussion (see Section C); details are included in the appropriate sections of 
this review [see Sections A.1(b)(i); A.2(a); C.2(b), and C.2(c)]. Routes to the 
angelate moiety found in 94 are known,81 as are syntheses of macrocydic 




The work described within the remainder of this thesis is concerned 
initially with the synthesis of the pyrrolizin-3-one and azapyrrolizin-3-one 
systems 1-4 by flash vacuum pyrolysis. Prior to the present work each of the 
systems 1-4 had been prepared with varying success by the pyrolysis of 
azolylidene derivatives of Meidrum's Acid. 7,25 There had, however, been no 
6T2 
24JT46 	2 N"T\6 	2(T5 
0 
3 
investigation of the application of this methodology either to a wider variety 
of substituted pyrrolizin-3-ones or indeed to any substituted pyrrolo[1,2-
c]imidazol-5-ones. The synthesis of pyrrolo[1,2-a]imidazol-5-one and 
pyrrolo[1,2-b]pyrazol-6-one via the pyrolysis of the appropriate Meidrum's 
Acid derivatives had however proven to be inefficient. Additional drawbacks 
associated with this route therefore necessitated the development of an 
alternative route to the ring systems. 
Early studies64 had indicated that pyrrolizin-3-ones could be obtained 
by the flash vacuum pyrolysis of pyrrol-2-yl propenoic acid esters 97 (Scheme 
35). This methodology potentially could be extended to provide a more 







97 	R = CN, COMe, CO2Me 
Scheme 35 
No systematic study of the properties of any of the pyrrolizin-3-ones 1-
4 has yet been reported. The second section of this work therefore deals with 
a study of some of the physical and chemical properties of those pyrrolizin-3-
ones and azapyrrolizinones prepared by flash vacuum pyrolysis. 
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A. PREPARATION OF AZOLE CARBALDEHYDES 
The Meidrum's acid 98 and propenoate 99 derivatives required as 
precursors in the preparation of pyrrolizin-3-ones and azapyrrolizinones by 
the methods described in the following two chapters are most conveniently 
obtained by either a Knoevenagel or Wittig type condensation reaction 
involving an azole carbaldehyde. The key to the synthesis of any pyrrolizin-
3-one or azapyrrolizinone is, therefore, the ability to prepare the appropriate 
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1. PREPARATION OF PYRROLE-2-CARBALDEHYDES 
No 7-substituted pyrrolizin-3-ones have been prepared by flash 
vacuum pyrolysis. Their synthesis by this means requires the preparation of 
3-substituted pyrrole-2-carbaldehydes. Although standard methods do not 
allow ready access to 3-substituted-4,5-unsubstituted pyrrole-2-
carbaldehydes, a number of such pyrroles have been reported by Bellamy 
and Streith as the major products from the photolytic rearrangement of 4-
substituted pyridine-N-oxides in aqueous copper (II) sulphate solution.83184 
This methodology was utilised to prepare 3-methylpyrrole-2-carbaldehyde 
102 in 27% yield, after chromatography, by the photolysis of 4-picoline-N- 
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A 1 	 105 CO2Et H 	 103 
oxide with a 400W mercury vapour lamp over 6 h. 
Work on the synthesis of functionalised pyrrolizin-3-ones by flash 
vacuum pyrolysis has been limited. In this regard, it was of particular interest 
to attempt the synthesis of 3-oxo-pyrrolizine-5-carboxylic acid 103 as there 
has been much recent study of analogous systems as potential y-lactam 
antibiotics.43,85,86 The pyrrole-2-carbaldehyde 104 required for the synthesis 
of 103 was obtained by rather more conventional means. Ethyl pyrrole-2-
carboxylate was prepared by the Organic Syntheses87 method from pyrrole 
and trichioroacetyl chloride followed by treatment with ethoxide of the 
ketone thus obtained. Vilsmeier-Haack formylation of this pyrrole gave ethyl 
5-formylpyrrole-2-carboxylate 105 as the major regioisomer,88 and hydrolysis 
of the ester group under basic conditions gave the desired 5-formylpyrrole-2-
carboxylic acid 104. 
2. PREPARATION OF IMIDAZOLE CARBALDEHYDES 
Imidazole-2-carbaldehyde 106, the starting point for the synthesis of 
pyrrolo[1,2-a]imidazol-5-one 2, was prepared by the Organic Synthesis 






Several imidazole-4-carbaldehydes 107-110 were prepared as the 
starting materials for a variety of substituted pyrrolo[1,2-c]imidazol-5-ones. 
Each was obtained by oxidation of the corresponding 4-
hydroxymethylimidazole with manganese (IV) oxide in hot dioxane (Scheme 
37).90 The 4-hydroxymethylimidazole precursors to 109 and 110, 4-
hydroxymethyl-2,5-dimethylimidazole and 4-hydroxymethyl-5-methyl-2-
phenylimidazole respectively, were each prepared by a modification of the 
method described by Jacquier.91 The glycol obtained from the initial 
condensation of 2,3-butanedione with an amidine was heated in aqueous 
hydrochloric acid at or just below reflux temperature to effect rearrangement 
to the desired alcohols. The alcohol so produced was isolated as its 
hydrochloride salt. The free base of each of 107-110 was most readily 
generated by basification of an aqueous solution of the salt with sodium 
bicarbonate, and isolated by extraction with ethanol of the solid residue 
remaining after removal of the water under vacuum. 
R2 	 A2 	 R 1 R2 
)CH20H 	
Mn02/ 	 ).CHO 107 H H 28% 
N 	I 	 N 	I 	108H Me 39% 1,4-Dioxane/ 	'-NH 
109 Me Me 61% 
R 1 	 R 1 	 110 Ph Me 58% 
Scheme 37 
B. INVESTIGATION OF THE SCOPE OF PYRROLIZIN-
3-ONE AND PYRR0L0[1,2-c1IMIDAZ0L-5-0NE 
FORMATION FROM 5-(AZOLYLIDENE)-2,2-
DIMETHYL-1.3-DIOXANE-4.6-DIONES 
It is well established that under flash vacuum pyrolysis conditions 
Meidrum's acid derivatives undergo loss of acetone and carbon dioxide to 
generate a methylene ketene intermediate.26 The cyclisation reactions of such 
gas phase intermediates have been utilised previously to good effect in the 
syntheses of pyrrolizin-3-one 125  and pyrrolo[1,2-c]imidazol-5-one 3.7  The 
rest of this chapter deals with the synthesis of further examples of the 
pyrrolizin-3-one and pyrrolo[1,2-climidazol-5-one systems by the pyrolysis of 
5-(azolylidene)-2,2-dimethyl-1 ,3-dioxane-4,6-dione derivatives. 
1. 	PREPARATION OF 5-(AZOLYLIDENE)-2,2-DIMETHYL-1,3- 
DIOXANE-4,6-DIONES 
2 	 0 
NH_,,,  
98 
The title compounds 98 were typically prepared by the condensation 
reaction of an azole carbaldehyde with Meidrum's acid, in toluene, in the 
presence of piperidinium acetate as catalyst. Removal of the solvent after 16-
20 h followed by recrystallisation of the residue gave the desired products in 
yields often in excess of 90%. In certain cases it was necessary to increase the 
61 
reaction time. This was particularly true of the reaction involving 5-
formylpyrrole-2-carboxylic acid in which reaction did not appear, by thin 
layer chromatography, to reach completion for several weeks. Similar 
difficulty was experienced with the condensation reaction of 3-
methylpyrrole-2-carbaldehyde, possibly as a consequence of steric 
congestion, but this could be overcome by heating the reaction mixture gently 
on a steam bath. Where increased reaction times or heating were required 
yields were reduced by 15-40%. As a result of the low solubility of the 
imidazole in toluene, the condensation of 5-methylimidazole-4-carbaldehyde 
with Meldrum's acid was carried out in pyridine in the absence of any 
catalyst. The yield of 43% for this reaction was much lower than is normal for 
the usual method but is typical of yields for condensations under similar 
conditions.92 (Table 14). 
Table 14 	Meldrum's acid Condensation Products 98 
Aldehyde 
100 
Azole R1 	R2 Condensation 
 Product 98  
Yield 
101 Pyrrole H 	H 30 84%25 
102 Pyrrole H Me 111 76% 
104 Pyrrole CO2H 	H 112 54% 
105 Pyrrole CO2Et H 113 98% 
107 Imidazole H 	H 114 58%7a 
108 Imidazole H Me 115. 43%a 
109 Imidazole Me 	Me 116 98% 
110 Imidazole Ph Me 117 93% 
Note 
a) Reaction carried out in pyridine without catalyst. 
Each of the pyrrol-2-yl and imidazol-4-yl Meldrum's acid derivatives 
exhibits a strong carbonyl absorbance at 1690-1695 cm-1 together with a much 
weaker band at 1720-1735 cm- 1 . The former band has been noted as being 
typical of such compounds7 while the presence of the second carbonyl 
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absorption at slightly higher frequency may suggest a degree of C=O/H-N 
hydrogen bonding. C=C Bands can also be observed in the range 1550-1580 
cm-1. 
The 1H NMR spectra (Table 15) of each of the 2,2-dimethyl-1,3-
dioxane-4,6-dione derivatives prepared show characteristic resonances 
attributable to the ylidene proton (H-5'), at SH 8.25-8.39 ppm, and the methyl 
protons (H-2"), at oH 1.77 ppm. The pyrrole and imidazole resonances are not 
substantially altered from those observed in the corresponding azole 
carbaldehyde, although a slight deshielding of all protons is noticeable. One 
point of note is the substantial deshielding of the H-4 resonance of the 
carboxylic acid derivative 112 in comparison with the H-3 signal. This effect 
is not seen in either the precursor pyrrole carbaldehyde 104 or the analogous 
ethyl ester 113. 
Table 15 	1H NMR Chemical Shifts of Meidrum's acid Derivatives 98 




H-5 H-2" H-5" 
3025 CDC13 7.10 6.52 7.43 1.75 8.25 
111 CDC13 6.33 7.33 1.73 8.27 
(6.11) (7.04) 
112 CDC13 6.98 7.58 1.72 8.27 
(6.84) (6.95) 
113 CDC13 7.01 7.01 1.77 8.36 
(6.91) (6.91) 
114 DMSO 8.63 8.10 1.71 8.34 
(7.92) (7.98) 
115 CDC13  7.93 1.76 8.35 (7.75) 
116 CDC13 - 1.73 8.24 
117 CDC13 ---- 1.76 8.30 
Note 
a) Chemical shifts for corresponding aldehydes in parentheses 
0 
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C-2 C-2" C-4'/6' C-5' C-5" Substituent 
3025 128.58 130.09 114.23 131.89 104.03 
27.00 164.04 100.12 143.12 
127.18 141.07 115.10 131.75 103.87 26.97 164.61 97.86 139.41 29.51 111 
126.84 128.18 116.78 129.71 104.67 27.27 163.14 105.18 143.78 160.75 112 163.31 
131.98 131.81 116.45 129.61 104.40 26.78 162.08 106.15 143.17 159.39, 61.47, 113 162.77 14.09 
124.11 158.81 141.56 104.59 27.18 163.29 102.00 139.90 13.75 115 163.91 
124.81 160.48 153.12 104.29 27.01 163.63 100.15 138.78 14.91, 13.65 116 164.22 
125.88 161.12 152.60 104.42 27.72 163.59 100.15 138.43 131.23, 129.08, 117 164.56 127.45, 126.47, 
13.87 
The 13C NMR spectra of the Meidrum's acid derivatives 98 were 
assigned by analogy as shown in Table 16, and exhibit several characteristic 
resonances. The signals corresponding to the olefinic carbons (C-5' and C-5") 
are the most susceptible to changes in the azole ring. For the parent pyrrole 
3025 and 3-methylpyrrole derivatives 111 a single peak at ö - 164 ppm is 
observed for the carbonyl resonances (C-4' and C-6'). However, in all the 
other examples of the series the carbonyl carbons give rise to two equal 
singlets; 5C 162-165, ic < 1 ppm. This would be consistent with the 
restriction of any rotation about the C=C linkage common in other Meidrum's 
acid systems.93 As in the IH NMR spectra, the chemical shifts of the azole 
ring carbons are generally at higher frequency than in the corresponding 
carbaldehyde. The exceptions to this are the quaternary carbons (C-2) 
attached to the ylidene carbon which, not surprisingly, become slightly 
shielded in the condensation products, compared with the aldehydes. 
The mass spectra of 2,2-dimethyl-1,3-dioxane-4,6-dione derivatives 
exhibit distinctive fragmentation patterns. Peaks at M-58 and M-102 
correspond to the sequential loss of acetone and carbon dioxide. Where 
particularly labile substituents are present, notably carboxyl functionality, the 
fragmentation pattern becomes slightly more complicated due to the 
occurrence of competing pathways. However, in all examples observed, after 
the loss of m/z 102 and any labile substituents, a further loss of m/z 28, 
presumably corresponding to extrusion of a CO species, occurs prior to the 
final fragmentation of the azole portion of the molecule. 
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2. 	SCOPE OF PYROLYSIS OF 5-(AZOLYLIDENE)-2,2-DIMETHYL-1,3- 
DIOXANE-4,6-DIONES. 
The gas phase pyrolysis of azolylidene Meidrum's acid derivatives 98 
gave pyrrolizinones generally as liquids or low melting point solids (Scheme 
38). The pyrrolizinone was usually the sole product isolated from the reaction 
after removal of volatiles. 13C  NMR spectroscopy of the crude pyrolysate 
generally revealed a lack of any substantial contaminant. Any purification 
necessary was carried out by bulb to bulb distillation. The pyrrolizinones 
prepared varied from bright yellow to deep red in colour but appeared to 
decompose on prolonged aerial exposure at room temperature and they were 












(a) 	Pyrrolizin-3-ones(Tablel 7) 
The pyrolyses of pyrrolylidene Meidrum's acid derivatives have 
mostly been carried out with furnace temperatures of 600 °C, 25,28-30 and this 
was true in the present work for the synthesis of 7-methylpyrrolizin-3-one 
118 which was obtained in 82% yield. Lower furnace temperatures were 
required for the pyrolyses of the 2-carboxy- and 2-ethoxycarbonylpyrrol-5-
ylidene derivatives 112 and 113 to minimise the potential for side reactions. 
In each case a small amount of red liquid was observed in the crude 
pyrolysate and tentatively identified as the decarboxylation product 
pyrrolizin-3-one 1. No attempt was made to isolate or characterise this by-
product. However a slight lowering of the furnace temperature minimised 
by-product formation while still maintaining as large a degree of precursor 
conversion as possible. The yields obtained for the syntheses Of 3-oxo-
pyrrolizine-5-carboxylic acid 103 and its ethyl ester 119 were significantly 
reduced in comparison to other pyrrolizin-3-ones. With the carboxylic acid 
the reduced yield was also due to decomposition of approximately 10% of the 
precursor in the inlet. 
Table 17 	Pyrrolizinones Obtained by F.V.P. of 





RSW RNW Furnace 
 Temp.  
Yield 
111 118 1 H Me 600 °C 87% 
112 103 1 CO2H H 550 °C 52% 
113 119 1 CO2Et H 590 °C 69% 
115 120 3 H Me 650 C 92% 
116 121 3 Me Me 650 °C 51% 
117 122 3 Ph Me 650 °C 43% 
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(b) 	Py1rololl2-c] imidazol-5-ones (Table 17) 
Flash vacuum pyrolysis of the condensation products of Meidrum's 
acid and imidazole-4-carbaldehydes gave the corresponding pyrrolo[1,2-
c]imidazol-5-ones as analytically pure, yellow or orange crystalline solids 
without further purification. Whereas the parent heterocycle 3 had been 
obtained by f.v.p. of the precursor at 600 °C,7 it was found that formation of 1-
methylpyrrolo[1,2-c]imidazol-5-one 120 proceeded more efficiently at 650 °C, 
the yield being 92% at this furnace temperature. The subsequent preparations 
of I ,3-dimethyl- 121 and 1-methyl-3-phenylpyrrolo[1 ,2-c]imidazol-5-one 122 
were therefore also performed at this temperature. Although the 
azapyrrolizinone was the sole product in each case, substantial 
decomposition residues in the inlet tube resulted in considerably reduced 
yields of 121 (51%) and 122 (43%) in comparison with 120. Attempts to 
minimise decomposition in the inlet by reducing the sublimation temperature 
through the use of a mercury diffusion pump to improve the vacuum met 
with little success. 1,3-Dimethylpyrrolo[1,2-c]imidazol-5-one analysed 
consistently as a partial hydrate. 
Even though flash vacuum pyrolysis of azolylidene Meidrum's acid 
derivatives provides a simple and relatively efficient route to pyrrolizin-3-
one and its aza analogues, its application is limited by both the nature of the 
precursor and the mechanism of lactam formation. The involatility of the 
imidazol-2-ylidene, pyrazol-3-ylidene, and certain of the substituted 
imidazol-4-ylidene precursors confines use of the methodology to systems 
such as those whose syntheses have been described in this chapter. The 
second drawback linked to this route is associated with the mechanism of 
ring closure. A [2H]-labelling study of the pyrolysis of 5-(pyrrol-2-ylidene)-
2,2-dimethyl-1,3-dioxane-4,6-dione 30 has shown27 that the initially formed 
SLSJ 
methylene ketene species 123 then undergoes a 1,7[H]-shift to become H-2 
(HEast) of pyrrolizin-3-one 1 upon cyclisation of the resultant ketene 124 
(Scheme 39). The occurrence of the intermediate 123 and the subsequent [H]-
shift therefore prevents the introduction of substituents at the 'east'-position 
of pyrrolizinones. 
CNrH 
0 F.v.p. 600°C 











C. INVESTIGATION OF THE MECHANISM AND 
SCOPE OF PYRROLIZIN-3-ONE, PYRROLO[1,2-al 
IMIDAZOL-5-ONE AND PYRROLO[1,2-c] 
IMIDAZOL-5-ONE FORMATION FROM 
3-(AZOLYL)PROPENOIC ACID ESTERS 
To overcome the problems outlined in the preceding chapter 
associated with the previous pyrolytic route to pyrrolizin-3-ones, an 
alternative means of generating the ketene intermediate 124 was required. 
Earlier exploratory investigations64 had shown that pyrrolizin-3-ones 
containing an electron withdrawing group in the (2) 'east'-position could be 
prepared by the pyrolysis of appropriate 3-(pyrrol-2-yl)propenoic acid esters 
97 (Scheme 35). These pyrolyses had a much greater throughput of precursor 
than the Meidrum's acid derivatives 98, 5-6 mmol/h at 120CC, 0.002 mbar 
compared with 4 mmol/h (120-140 °C/ 0.001 mbar) for pyrrolizin-3-one 
synthesis25 to < I mmol/h under similar conditions for substituted examples. 
Thus it appeared that the pyrolysis of the propenoates could overcome the 
drawbacks of lack of substituents in the 'east'-position and low volatility 
associated with the Meidrum's acid route to pyrrolizinones described in the 
previous chapter. 
1. 	PREPARATION OF 3-(AZOLYL)PROPENOIC ACID ESTERS 
A number of the title compounds 99 were prepared by the Wittig 
olefination 	of an azole 	carbaldehyde 	with methyl 
(triphenylphosphoranylidene)acetate 	125 	or 	ethyl 	2-(triphenyl- 
phosphoranylidene)propanoate 126 (Scheme 40). Reactions were carried out 
at reflux in benzene or in pyridine depending on the solubility of the azole 
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carbaldehyde and were monitored by t.l.c.. Initially, attempts were made to 
isolate the product propenoates by vacuum sublimation as described by 
Weedon for the synthesis of methyl 3-(pyrrol-2-yl)propenoate 127 by this 
means.94 However, dry flash chromatography subsequently proved to be a 
more efficient means of obtaining the desired product(s) from the crude 
reaction mixture. The only exception to this was the isolation of the two 
stereoisomers of methyl 3-(imidazol-2-yl)propenoate 129 which was carried 
out on the basis firstly of the low solubility of the (E)-isomer in all but the 
most polar solvents, and secondly the volatility of the (Z)-isomer which was 




Solvent! reflux! 1 -4 h 
+ 	 R1 
Ph3P=CR1CO2R2 	 99 
R1 R2 
125 H Me 
126 Me Et 
Scheme 40 
Table 1 S 	Aznlvlorrn,enoic acid esters 99 Preiared by Wittig Olefination 
Azole 
Carbaldehyde 
R1 	 - Propenoate 
 99 
Yield Ratio 
 E : Z. 
101 H 	Me 127 78% 90: 10 
101 Me Et 128 97% Trace of 
(Z)-isomer 
106 H 	Me 129 60% ca. 70:30 
106 Me Et 130 77% (E)only 
107 Me 	Et 131 72% (E)only 
108 Me Et 132 73% (E)only 
Pyrazol-3-yl H 	Me 133 1 	60% 1 	79 	21 
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Without exception the Wittig reactions favoured the formation of the 
(E)-isomer as the main or only product. It was only in the syntheses of methyl 
3-(imidazol-2-yl) 129 and methyl 3-(pyrazol-3-yl)propenoates 133 that 
significant quantities of the (Z)-isomers were obtained. It seems likely that the 
isolation of the (Z)-isomer in these two cases is a result of favourable 
intramolecular hydrogen bonding interactions. 
Although there was no reason to believe that methyl 3-(imidazol-4-
yl)propenoate 134 (methyl urocanate) could not also be prepared by the same 
Wittig olefination method used for the synthesis of other compounds in the 
series, it was more convenient to prepare 134 by esterification of the 
commercially available propenoic acid 135 (urocanic acid) essentially as 







The methyl 2-substituted-3-azolylpropenoates 136-139 (Table 19) were 
prepared by Knoevenagel condensation of the appropriate aldehyde and 
active methylene compound (Scheme 41). The chemical shifts of the olefinic 
proton in each example are consistent with the propenoate being obtained as 
the E-isomer. However, the IH NMR spectrum of the malonate derivative 137 
reproducibly contained a number of signals consistent with the presence of a 
second compound in the sample, even after repeated recrystallisation. The 
presence of a peak in the mass spectrum of 137 at m/z 420 (2M)+, suggests 
that the compound may actually exist in a dimeric form which becomes 
partially dissociated in solution. 
(N) 0 
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Table 19 	Azolylpropenoic acid esters Prepared by 
Condensation Reactions 
Aldehyde R1 (R2 = Me) Propenoate 99 Yield 
106 CN 136 100% 
106 CO2Me 137 48% 
107 CN 138 93% 
Pyrazol-3-yl CN 139 67% 
2. STRUCTURE AND PHYSICAL PROPERTIES OF AZOLYL 
PROPENOATES 
Although the title compounds were prepared as precursors for the 
synthesis of pyrrolizin-3-ones and azapyrrolizinones by flash vacuum 
pyrolysis, further interest in their structure and physical properties was 
engendered by their potential structural relationships to the pyrrolizinone 
systems 1-4 and also to 3-(imidazol-4-yl)propenoic acid 135, commonly 
known as urocanic acid. (E)-Urocanic acid is a major chemical component of 
the skin. Upon irradiation with UV light, isomerisation of the (E)-form to the 
(Z)-form occurs. It has been proposed that the (Z)-isomer may then mediate 
photoinduced immunosuppression. Alternatively, the (E)-isomer may act as a 
photoprotecting agent for DNA.96 
73 
(a) 	Solid State Structure 
The members of the series of compounds 99 are colourless crystalline 
solids, and crystals suitable for X-ray crystal structure determination were 
obtained from samples of 127(E), 129 (E), 129 (Z) and 134. The bond lengths, 
bond angles and torsion angles of the four 3-azolyipropenoates are given in 
Tables 20-23 respectively. ORTEP plots for each compound giving the 
crystallographic numbering schemes are shown in Figures 10-13. 
The bulk structure of each of the azolyipropenoates is dominated by a 
network of hydrogen bonding. Nevertheless, the nature of the hydrogen 
bonding varies markedly from compound to compound. Methyl (E)-3-
(pyrrol-2-yl)propenoate 127(E) exhibits a web of intermolecular (N-H ..... O=C) 
hydrogen bonding (Figure 14) whereas the marked strain of the N(1)-H(1) 
bond angles (135 0/117)  of methyl (Z)-3-(imidazol-2-yl)propenoate 1290 is 
consistent with the formation of a 7-membered chelate ring by intramolecular 
(N-H ..... O=C) hydrogen bonding (Figure 12). In contrast to these examples, 
hydrogen bonding in methyl (E)-3-0midazol-4-yl)propenoate 134 is between 
N-H(1) and a lone pair of electrons on the oxygen of a water molecule, thus 
giving a structure in which one molecule of water is associated with two 
molecules of the heterocycle (Figure 15). 
Although the compounds for which structural information was 
obtained exhibit a number of variations in their macrostructure, as detailed 
above, the structure at a molecular level remains similar in all four 
compounds. The azole moieties do not deviate significantly from planarity 
and their bond lengths and angles are little different from typical values for 
re, +er 
pyrrole97 and imidazole98199 rings. There is 	degree of variability in the 
propenoate fragment than in the azole, although the S-cis conformation of the 
carbonyl group is retained in each system. For example, there is a small (1-3 






















Table 20 	Bond Lengths (A), angles ( °)and torsion angles (°) of 127 (E) 
with standard deviations 
N(1) 	-C(2) 	1.373(10) N(1') 	-C(2) 1.388(10) 
N(1) 	-C(5) 1.376(10) N(1') 	-C(5') 1.357(10) 
C(2) 	- C(3) 	1.374(12) C(2') 	-C(3') 1.360(11) 
C(2) 	-C(6) 1.433(11) C(2') 	-C(6') 1.450(11) 
C(3) 	-C(4) 	1.402(12) C(3') 	-C(4') 1.401(12) 
C(4) 	-C(5) 1.349(11) C(4') 	-C(5') 1.362(12) 
C(6) 	-C(7) 	1.324(11) C(6') 	-C(7') 1.331(11) 
C(7) 	-C(8) 1.459(11) C(7') 	-C(8') 1.452(11) 
C(8) 	- 0(8) 	1.220( 	9) C(8 1 ) 	 -0(8 1 ) 1.201( 	9) 
C(8) 	- 0(9) 1.337( 	9) C(8 1 ) 	 -0(9 1 ) 1.341( 	9) 
0(9) 	- C(9) 	1.447(10) 0(9 1 ) 	 -C(9 1 ) 1.431( 	9) 
H(1) 	- N(1) 	- C(2) 	129.7(32) H(1') -N(1') -C(2') 124.7(33) 
H(1) 	- N(1) 	- C(5) 	122.2(32) H(1') -N(1') -C(5') 126.8(33) 
C(2) 	- N(1) 	- C(5) 	108.1( 	6) C(2') -N(1') -C(5') 108.4( 	6) 
N(1) 	- C(2) 	- C(3) 	107.1( 	7) N(1') -C(2') -C(3') 106.9( 	7) 
N(1) 	- C(2) 	- C(6) 	123.2( 	7) N(1') -C(2') -C(6') 123.3( 	7) 
C(3) 	- C(2) 	- C(6) 	129.6( 	8) C(3') -C(2') -C(6') 129.6( 	7) 
C(2) 	- C(3) 	- C(4) 	108.7( 	7) C(2')   109.0( 	7) 
C(3) 	- C(4) 	- C(S) 	106.5( 	7) C(3') -C(4') -C(5') 106.3( 	8) 
N(1) 	- C(S) 	- C(4) 	109.6( 	7) N(1') -C(5') -C(4') 109.4( 	7) 
C(2) 	- C(6) 	- C(7) 	127.9( 	7) C(2') -C(6') -C(7') 128.3( 	7) 
C(6) 	- C(7) 	- C(8) 	120.9( 	7) C(6') -C(7') -C(8') 120.5( 	7) 
C(7) 	- C(8) 	- 0(8) 	126.1( 	7) C(7') -C(8') -0(8') 126.1( 	7) 
C(7) 	- C(8) 	- 0(9) 	111.8( 	6) C(7') -C(8) -0(9') 111.1( 	6) 
0(8) 	- C(8) 	- 0(9) 	122.1( 	7) 0(8') -C(8') -0(9') 122.8( 	7) 
C(8) 	- 0(9) 	- C(9) 	116.6( 	6) C(8) -0(9') -C(9') 115.2) 	6) 
ff(1) 	- N(1) 	- C(2) 	- C(3) 	179.9(42) E(1') -N(1') -C(2') -C(3') 	-178.0(40) 
R(1) 	- N(1) 	- C(2) 	- C(6) -2.4(43) H(1') -N(1') -C(2') -C(6') 6.6(41) 
C(S) 	- N(1) 	- C(2) 	- C(3) 	-0.1( 	9) C(5) -t'1(1') -C(2') -C(3') 	-1.2) 	9) 
C(5) 	- N(1) 	- C(2) 	- C(6) 	177.6( 	7) C(5') -N(1') -C(2') -C(6') 	-176.5( 	7) 
H(1) 	- N(1) 	- C(S) 	- C(4) 	179.9(38) H(1') -(1') -C(5') -C(4') 	177.8(41) 
R(1) 	- N(1) 	- C(5) 	- H(S) -0.1(40) H(1') -N(1') -C(5') -H(5') -1.9(42) 
C(2) 	- N(1) 	- C(5) 	- C(4) 	-0.2( 	9) C(2') -N(1') -C(5') -C(4') 	1.0( 	9) 
N(1) 	- C(2) 	- C(3) 	- C(4) 0.2( 	9) N(1') -C(2')  0.9( 	9) 
C(6) 	- C(2) 	- C(3) 	- C(4) 	-177.2) 	8) C(6') -C(2') -C(3') -C(4') 	175.8( 	8) 
N(1) 	- C(2) 	- C(6) 	- C(7) -3.0(13) N(1') -C(2') -C(6') -C(7') 1.9(13) 
C(3) 	- C(2) 	- 	C(6) 	- C(7) 	174.1( 	9) C(3') -C(2') -C(6') -C(7') 	-172.3( 	9) 
C(2) 	- C(3) 	- C(4) 	- C(S) -0.3( 	9) C(2')   -0.3(10) 
C(3) 	- C(4) 	- C(S) 	- N(1) 	0.3( 	9) C(3') -C(4') -C(5') -N(1') 	-0.5) 	9) 
C(2) 	- C(6) 	- C(7) 	- C(8) 	-178.8( 	8) C(2') -C(6') -C(7') -C(8') 	179.7) 	7) 
C(6) 	- C(7) 	- C(8) 	- 0(8) 2.5(13) C(6') -C(7') -C(8') -0(8') -1.6(13) 
C(6) 	- C(7) 	- C(8) 	- 0(9) 	-177.4( 	7) C(6') -C(7') -C(8') -0(9') 	179.7( 	7) 
C(7) 	- C(8) 	- 0(9) 	- C(9) 	177.9( 	6) C(7') -C(8') -0(9) -C(9') 	-179.4( 	6) 



















Bond Lengths (A), angles (land torsion angles (°) of 129 (E) 
with standard deviations 
N(1) 	- H(1) 	0.99( 	3) C(4) 	- C(5) 1.358( 5.) 
N(1) 	- 	C(2) 1.347( 	4) C(6) 	- C(7) 1.326( 4) 
N(1) 	- 	C(S) 	1.366( 	4) C(?) 	- C(8) 1.467( 5) 
C(2) 	- 	N(3) 1.333( 	4) C(8) 	- 0(8) 1.198( 4) 
C(2) 	-. C(6) 	1.433( 	4) C(8) 	- 0(9) 1.339( 4) 
N(3) 	- 	C(4) 1.366( 	4) 0(9) 	- C(9) 1.447( 5) 
H(1) 	- 	N(1) 	- 	C(2) 	124.5(17) N(1) - C(S) - C(4) 106.0( 3) 
H(1) 	- 	N(1) 	- 	C(5) 	127.4(17) C(2) - C(6) - C(7) 126.7( 3) 
C(2) 	- 	N(1) 	- 	C(5) 	107.7( 	3) C(6) - C(7) - C(8) 120.8( 3) 
N(1) 	- 	C(2) 	- 	N(3) 	110.6( 	3) C(7) - C(8) - 0(8) 125.5( 3) 
N(1) 	- 	C(2) 	- 	C(6) 	125.4( 	3) C(7) - C(8) - 0(9) 110.7( 3) 
N(3) 	- 	C(2) 	- 	C(6) 	124.0( 	3) 0(8) - C(8) - 0(9) 123.7( 3) 
C(2) 	- N(3) 	- 	C(4) 	105.6( 	3) C(8) - 0(9) - C(9) 117.0( 3) 
N(3) 	- C(4) 	- 	C(5) 	110.1( 	3) 
H(1) 	- N(1) 	- C(2) 	- N(3) 	-172.9(20) N(3) - C(2) - C(6) 	- C(7) 	-174.1( 3) 
H(1) 	- N(1) 	- C(2) 	- C(6) 8.8(21) C(2) - N(3) - C(4) 	- C(S) 0.8( 4) 
C(S) 	- N(1) 	- C(2) 	- N(3) 	-0.4( 	3) N(3) - C(4) - C(S) 	- N(1) -1.0( 4) 
C(S) 	- N(1) 	- C(2) 	- C(6) 	-178.7( 	3) C(2) - C(6) - C(7) 	- C(S) 179.8( 3) 
H(1) 	- N(1) 	- C(5) 	- C(4) 	173.1(21) C(6) - C(7) - C(8) 	- 0(8) 4.1( 5) 
C(.2) 	- N(1) 	- 	C(S) 	- 	C(4) 0.9( 	4) C(6) - C(7) - C(8) 	- 0(9) 	-175.0( 3) 
N(1) 	- C(2) 	- 	N(3) 	- C(4) 	-0.2( 	3) C(7) - C(8) - 0(9) 	- C(9) 	-178.9( 3) 
C(6) 	- C(2) 	- 	N(3) 	- 	C(4) 	178.1( 	3) 0(8) - C(8) - 0(9) 	- C(9) 2.0( 5) 
N(I) 	- C(2) 	- C(6) 	- 	C(7) 3.9( 	5) 
78 












Table 22 	Bond Lengths (A), angles (land torsion angles (°) of 129 (Z) 
with standard deviations 
N(1A) -H(1A) 0.87(  C(4B) -C(5B) 1.350( 4) 
N(1A) -C(2A) 1.343( 4) C(6B) -C(7B) 1.328( 4) 
N(IA) -C(5A) 1.341( 4) C(7B) -C(8B) 1.453( 4) 
C(2A) -N(3A) 1.318( 4) C(8B) -O(8B) 1.202( 4) 
C(2A) -C(6A) 1.425( 4) C(8B) -0(9B) 1.318( 4) 
N(3A) -C(4A) 1.348( 4) 0(9B) -C(9B) 1.437( 4) 
C(4A) -C(SA) 1.339( 4) N(1C) -H(IC) 0.96( 4) 
C(6A) -C(7A) 1.331( 4) N(1C) -C(2C) 1.345( 4) 
C(7A) -C(8A) 1.453(  N(1C) -C(5C) 1.352( 4) 
C(8A) -0(8A) 1.205( 4) C(2C) -N(3C) 1.319( 4) 
C(8A) -0(9A) 1.323( 4) C(2C) -C(6C) 1.429( 4) 
0(9A) -C(9A) 1.435( 4) N(3C) -C(4C) 1.345( 4) 
N(1B) -H(1B) 0.92( 4) C(4C) -C(5C) 1.350(  
N(1B) -C(2B) 1.342( 4) C(6C) -C(7C) 1.333( 4) 
N(1B) -C(5B) 1.347( 4) C(7C) -C(8C) 1.443( 4) 
C(2B) -N(38) 1.316( 4) C(8C) -0(8C) 1.204( 4) 
C(2B) -C(68) 1.421( 4) C(8C) -0(9C) 1.317( 4) 
N(3B) -C(4B) 1.357( 4) O(9C) -C(9C) 1.432( 4) 
H(1A) -N(1A) -C(2A) 117.3(21) N(1B) -C(SB) -C(4B) 105.9( 3) 
H(1A) -N(1A) -C(5A) 134.7(21) C(2B) -C(6B) -C(7B) 132.6( 3) 
C(2A) -N(1A) -C(SA) 107.88(25) C(68) -C(78) -C(8B) 128.7( 3) 
N(1A) -C(2A) -N(3A) 110.2( 	3) C(7B) -C(8B) -0(8B) 126.9( 3) 
N(1A) -C(2A) -C(6A) 127.2( 	3) C(78) -C(88) -0(9B) 110.9( 3) 
J(3A) -C(2A) -C(6A) 122.6( 	3) O(8B) -C(8B) -0(9B) 122.i( 3) 
C(2A) -N(3A) -C(4A) 105.28(25) C(8B) -0(98) -C(9B) 115.83(25) 
N(3A) -C(4A) -C(5A) 110.8( 	3) H(1C) -N(IC) -C(2C) 115.9(24) 
N(1A) -C(5A) -C(4A) 105.9( 	3) H(1C) -N(1C) -C(5C) 136.4(24) 
C(2A) -C(6A) -C(7A) 133.4( 	3) C(2C) -N(1C) -C(SC) 107.6( 3) 
C(.6A) -C(7A) -C(8A) 127.4( 	3) N(1C) -C(2C) -N(3C) 110.3( 3) 
C(7A) -C(8A) -O(8A) 127.3( 	3) N(1C) -C(2C) -C(6C) 126.8( 3) 
C(7A) -C(8A) -0(9A) 110.62(25) N(3C) -C(2C) -C(6C) 122.9( 3) 
0(8A) -C(8A) -0(9A) 122.1( 	3) C(2C) -N(3C) -C(4C) 105.8( 3) 
C(BA) -0(9A) -C(9A) 115.63(24) N(3C) -C(4C) -C(5C) 110.5( 3) 
11(18) -N(1B) -C(2B) 118.8(25) N(1C) -C(5C) -C(4C) 105.7( 3) 
H(1B) -N(1B) -C(5B) 133.1(25) C(2C) -C(6C) -C(7C) 132.7( 3) 
C(2B) -N(1B) -C(5B) 108.1( 	3) C(6C) -C(7C) -C(8C) 128.3( 3) 
N(1B) -C(2B) -N(3B) 110.2( 	3) C(7C) -C(8C) -0(8C) 127.0( 3) 
N(LB) -C(28) -C(68) 126.5( 	3) C(7C) -C(8C) -0(9C) 110.9( 3) 
N(3B) -C(2B) -C(6B) 123.4( 	3) 0(8C) -C(8C) -0(9C) 122.1( 3) 
C(2B) -N(3B) -C(4B) 105.9( 	3) C(8C) -0(9C) -C(9C) 115.8( 3) 
N(3B) -C(4B) -C(5B) 109.9( 	3) 
ME 
Table 22 	continued 
H(1A) -N(1A) -C(2A) -N(3A) -176.9(23) N(18) -C(2B) -C(68) -C(7B) 1.5( 6) 
H(1A) -N(1A) -C(2A) -C(6A) 3.4(24) N(3B) -C(2B) -C(6B) -C(7B) -177.7(  
C(5A) -N(1.A) -C(2A) -N(3A) 0.2( 	3) C(2B) -N(38) -C(48) -C(58) 0.1(  
C(5A) -N(1A) -C(2A) -C(6A) -179.6( 	3) N(3B) -C(4B) -C(5B) -N(1B) 0.1( 4) 
H(1A) -N(1A) -C(5A) -C(4A) 176.1(29) C(2B) -C(68) -C(78) -C(8B) -1.8( 6) 
H(1A) -N(IA) -C(5A) -H(5A) -3.9(30) C(6B) -C(7B) -C(8B) -0(88) 1.8( 6) 
C(2A) -N(1A) -C(5A) -C(4A) -0.2( 	3) C(6B) -C(78) -C(8B) -0(9B) -176.5( 3) 
N(1A) -C(2A) -N(3A) -C(4A) -0.1( 	3) C(7B) -C(8B) -0(9B) -C(9B) 177.6( 3) 
C(6A) -C(2A) -N(3A) -C(4A) 179.7( 	3) 0(8B) -C(88) -0(98) -C(9B) -0.8( 4) 
N(1A) -C(2A) -C(6A) -C(7A) -3.3( 	6) H(1C) -N(1C) -C(2C) -N(3C) -179.6(27) 
N(3A) -C(2A) -C(6A) -C(7A) 176.9( 	3) H(1C) -N(1C) -C(2C) -C(6C) -0.3(27) 
C(2A) -N(3A) -C(4A) -C(5A) -0.1( 	3) C(5C) -N(1C) -C(2C) -N(3C) -0.3( 3) 
N(3A) -C(4A) -C(5A) -N(1A) 0.2( 	4) C(5C) -N(1C) -C(2C) -C(6C) 179.1( 3) 
C(2A) -C(6A) -C(7A) -C(8A) 0.2( 	6) H(1C) -N(1C) -C(5C) -C(4C) 179.3(35) 
C(6A) -C(7A) -C(8A) -0(8A) 0.7( 	5) H(1C) -N(1C) -C(5C) -H(5C) -0.7(35) 
C(6A) -C(7A) -C(8A) -0(9A) -179.1( 	3) C(2C) -N(1C) -C(5C) -C(4C) 0.1( 3) 
C(7A) -C(8A) -0(9A) -C(9A) 177.70(25) N(1C) -C(2C) -N(3C) -C(4C) 0.3( 3) 
0(8A) -C(8A) -0(9A) -C(9A) -2.1( 	4) C(6C) -C(2C) -N(3C) -C(4C) -179.1( 3) 
H(18) -N(18) -C(2B) -N(3B) 179.0(29) N(IC) -C(2C) -C(6C) -C(7C) -3.2( 6) 
fl(1B) -N(IB) -C(2B) -C(6B) -0.3(29) N(3C) -C(2C) -C(6C) -C(7C) 176.0(  
C(5B) -N(1B) -C(2B) -N(3B) 0.1( 	4) C(2C) -N(3C) -C(4C) -C(SC) -0.2(  
C(5B) -N(1B) -C(2B) -C(6B) -179.2( 	3) N(3C) -C(4C) -C(5C) -N(1C) 0.1( 4) 
11(18) -N(1B) -C(5B) -C(48) -178.7(35) C(2C) -C(6C) -C(7C) -C(8C) 2.2( 6) 
H(1B) -N(18) -C(5B) -H(5B) 1.3(35) C(6C) -C(7C) -C(8C) -0(8C) 1.5( 6) 
C(2B) -N(1B) -C(5B) -C(4B) -0.1( 	3) C(6C) -C(7C) -C(8C) -0(9C) -179.1( 3) 
N(1B) -C(2B) -N(3B) -C(4B) -0.1( 	3) C(7C) -C(8C) -0(9C) -C(9C) -178.8( 3) 
C(68) -C(2B) -N(3B) -C(4B) 179.2( 	3) 0(8C) -C(8C) -0(9C) -C(9C) 0.6( 4) 







Table 23 	Bond Lengths (A), angles (land torsion angles (0)  of 134 (E) 
with standard deviations 
N(1) 	- H(1) 	0.940(17) C(6) 	- C(7) 1.3245(22) 
N(1) - C(2) 1.3528(20) C(7) 	- H(7) 0.955(17) 
14(1) - C(S) 1.3631(20) C(7) 	- C(8) 1.4708(22) 
C(2) - H(2) 1.024(17) C(8) 	- 0(8) 1.2067(19) 
C(2) - N(3) 	1.3144(20) C(8) 	- 0(9) 1.3486(18) 
14(3) - C(4) 1.3891(19) 0(9) 	- C(9) 1.4453(21) 
C(4) - C(5) 	1.3660(21) C(9) 	-H(9A) 0.989(18) 
C(4) - C(6) 1.4431(21) C(9) 	-H(9B) 0.974(18) 
C(5) - H(S) 	0.955(17) C(9) 	-H(9C) 0.998(17) 
C(6) - H(6) 0.947(17) 0(1W) 	-11(1W) 0.859(17) 
H(1) - N(1) 	- C(2) 	126.5(11) 11(6) - C(6) - C(7) 119.4(10) 
11(1) 	- 14(1) 	- C(5) 	126.6(11) C(6) - C(7) - 	 11(7) 121.9(10) 
C(2) - 14(1) 	- C(5) 	106.83(13) C(6) - C(7) - C(8) 121.49(14) 
14(1) 	- C(2) 	- H(2) 	122.2(10) 11(7) - C(7) - C(8) 116.6(10) 
14(1) 	- C(2) 	- 14(3) 	112.33(14) C(7) - C(8) - 0(8) 126.07(14) 
11(2) 	- C(2) 	- 14(3) 	125.5(10)  - C(8) - 0(9) 110.62(12) 
C(2) - 14(3) 	- C(4) 	104.88(12) 0(8) - C(S) - 0(9) 123.31(14) 
14(3) 	- C(4) 	- C(S) 	109.41(13)  - 0(9) - C(9) 116.32(12) 
14(3) 	- C(4) 	- C(6) 	123.13(13) 0(9) - C(9) -H(9A) 107.1(10) 
C(5) - C(4) 	- C(6) 	127.46(14) 0(9) - C(9) -H(9B) 109.6(11) 
14(1) 	- C(5) 	- C(4) 	106.54(13) 0(9) - C(9) -H(9C) 111.6(10) 
14(1) 	- - 11(5) 	121.9(10) H(9A) - C(9) -11(9B) 111.4(15) 
C(4) - C(S) 	- H(S) 	131.6(10) H(9A) - C(9) -H(9C) 107.9(14) 
C(4) - - 11(6) 	114.5(10) H(9B) - C(9) -H(9C) 109.2(14) 
C(4) - C(6) 	- C(7) 	126.03(14) 
11(1) - N(1) - C(2) - 11(2) 	-0.3(17) 14(3) - C(4) 	- C(6) 	- C(7) 	3.78(25) 
H(1) - 	 14(1) - C(2) - 	 14(3) 	179.8(13) C(5) - C(4) 	- C(6) 	- 11(6) 4.6(12) 
C(S) - 	 14(1) - C(2) - 11(2) 	-179.5(11) C(S) - C(4) 	- C(6) 	- C(7) 	-175.13(16) 
C(5) - N(1) - C(2) - 14(3) 0.61(18) C(4) - C(6) - C(7) 	- H(7) 0.4(12) 
11(1) - N(1) - C(S) - C(4) 	-179.4(13) C(4) - C(6) 	- C(7) 	- C(S) 	179.18(14) 
11(1) - N(1) - C(S) - H(S) 0.3(18) 11(6) 	- C(6) 	- C(7) 	- H(7) 	-179.4(17) 
C(2) - 	 14(1) - C(S) - C(4) 	-0.20(17) 11(6) 	- C(6) 	- - -0.5(12) 
C(2) - 	 14(1) - C(S) - H(S) 	179.5(12) C(6) - C(7) 	- C(8) 	- 0(8) 	6.4( 	3) 
14(1) - C(2) - 14(3) - C(4) -0.75(17) C(6) 	- C(7) 	- C(8) 	- 0(9) 	-173.56(14) 
11(2) - C(2) - 14(3) - C(4) 	179.3(12) H(7) 	- - - 0(8) 	-174.7(12) 
C(2) - 	 14(3) - C(4) - C(S) 0.62(17) 11(7) 	- C(7) - C(8) 	- 0(9) 5.3(12) 
C(2) - 	 14(3) - C(4) - C(6) 	-178.46(14) - - 0(9) 	- 178.37(13) 
14(3) - C(4) - C(S) - 	 14(1) -0.27(17) 0(8) 	- C(8) 	- 0(9) 	- C(9) 	-1.61(21) 
14(3) - C(4) - C(S) - 	 11(5) 	-179.9(14) C(8) 	- 0(9) 	- C(9) 	-H(9A) 	-167.5(11) 
C(6) - C(4) - C(S) - 	 14(1) 	178.76(14) C(8) 	- 0(9) 	- C(9) 	-11(98) 	-46.6(11) 
C(6) - C(4) - C(S) - H(S) -0.8(14) C(S) 	- 0(9) 	- C(9) 	-H(9C) 74.6(11) 
14(3) - C(4) - C(6) - 11(6) 	-176.5(11) 
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Figure 14 Three-dimensional packing of 127 (E) 
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Figure 15 Intermolecular hydrogen bonding of 134 
rM 
the ring carbon to C(6) in relation to analogous cinnamate systems.77100 
Comparison of the bond lengths of methyl urocanate 134 with the 
corresponding data previously reported for urocanic acid dihydratel0l1102 is 
limited by the existence of urocanic acid as a zwitterion in the solid state. 
The skeletal angles of each of 127(E), 129(E), 129(Z) and 134 generally 
exhibit little deviation from expected values. The major exceptions to this are 
the C=C-C bond angles at C(6) and C(7) of methyl (Z)-3-(imidazol-2-
yl)propenoate 129 (Z) which each show an increase of 5-8 in comparison to 
the (E)-propenoates. The values are substantially greater than would be 
expected for sp 2 centres and are clearly a result of the formation of the 7-
membered chelate ring mentioned previously and evinced by the strained 
angles involving the azole N-H bond. 
Examination of the torsion angles of 127(E), 129(E), 129(Z) and 134 
reveals that while the structures are essentially planar there is always a small 
amount of twisting about the C[2(4)] - C(6) bond. Thus there is an angle 
between the planes of the alkene and azole portions of the molecules of 3-6°. 
In both methyl (E)-3-(imidazol-2-yl)- and methyl (E)-3-(imidazol-4-
yl)propenoates, 129(E) and 134 respectively, there is also a twisting of similar 
magnitude about the C(7) - C(8) bond which results in the carboxylate group 
lying out of the plane of the alkene. Hence there is a dihedral angle of 5-10°, 
associated with the twisting about the alkene C(6)-C(7) bond, between the 
imidazole and carboxylate functions; such a dihedral angle has also been 
observed in the structure of urocanic acid.102 
(b) 	UV Spectra (Table 24) 	- 
The UV spectra of the propenoates 127(E), 129(E), 129(Z) and 134 
contain three recognisable absorption bands. The most important band is the 
strong band (c> 10,000) at wavelengths in excess of 280 nm corresponding 
presumably to a 	transition. This absorption maximum is at 
considerably longer wavelength than the corresponding band in both simple 
azoles and the phenyl analogue methyl cinnamate.103 This can be attributed 
to extension of the conjugation relative to unsubstituted azoles and the 
additional involvement, c.f. methyl cinnamate, of the nitrogen lone pair in the 
conjugation. The shortened overall length of conjugation in the 4-substituted 
Table 24 	Ultraviolet Absorption Frequencies of Propenoic acid esters 99 
Compound Geometry Solvent XMax mm (log e) 
Methyl E EtOH 273 (4.36) 
Cinnamate 
127 E EtOH 330(4.36) 
129 E EtCH 306 (4.02) 
129 Z EtCH 315 (4.13) 
134 E EtCH 283-284 (4.32) 
imidazole system 134 results in absorption occurring at a somewhat shorter 
wavelength than the other azoiyi propenoates. It is noticeable that the 
extinction co-efficients of both isomers of 129 are somewhat less than the 
other propenoates. While this may be an inherent characteristic associated 
with the 2-substituted imidazole ring, the reduced extinction co-efficient 
observed for 129 (Z) can also be explained by the presence of the strained 
chelate ring and for 129 (E) by twisting of the olefinic bond as observed in the 
solid state. 
(c) 	IR Spectra 
The infrared spectra of 3-azolylpropenoates 99 obtained in this and 
previous work64 contain two particularly characteristic absorption bands, 
typically at 1670-1715 cm-1 (C=O) and 1620-1650 cm-1 (C=C). The slightly 
reduced frequencies of the carbonyl band in comparison with, for example, 
methyl cinnamate [(E) 1727 cm-1 and (Z) 1731 cm -1 I04 would seem to be 
Dfi 
consistent with some degree of hydrogen bonding as observed in the crystal 
structures of these systems.The presence of cz-nitrile substituents increases the 
frequency of the carbonyl band to 1725 cm-1, whereas the C=C absorbance 
occurs at the lower end of the frequency range indicated above. 
(d) NMR Spectra 
The 1H NMR spectra of the propenoates 99 (Table 25) comprise two 
characteristic sets of signals. The resonances associated with the azole portion 
of the molecule not surprisingly exhibit parameters similar to the 
corresponding azole carbaldehyde 100. The ring protons of those compounds 
with R = H, Me are generally shielded by up to A8H  0.25 ppm with respect to 
the aldehyde whilst remaining substantially deshielded in comparison to 
simple azoles; shielding appears to be greatest in the (Z)-isomers. The most 
deshielded azole protons occur in 136-139, i.e. where 'R' is a strongly electron 
withdrawing group; the chemical shifts of the azole protons in these cases are 
very close to those of the corresponding aldehyde 100. 
The magnitude of 1H-1H couplings associated with the pyrrole ring do 
not differ significantly from expected values;65 no annular couplings were 
observed in the spectra of any of the imidazole derivatives. Some variation is 
observed in the values of the azole 31 of the methyl 3-(pyrazol-3-
yl)propenoates. 133. The values of 3J ',s' 2.4 for the (E)-isomer and 3J ',s' 1.6 
for the (Z)- isomer are consistent with each of these isomers favouring 
different tautomeric forms of the pyrazole ring.105 In the (Z)-form, the 
potential for intramolecular hydrogen bonding may favour the 21-I tautomer, 
whereas in the (E)-form, the pyrazole ring reverts to the IH tautomer. 
Table 25 	1 H NMR Chemical Shifts of Azolyipropenoic acid esters 99. 
Compound Azole R Geometry Solvent 
H-2 H-3 
H/ ppm 
H-5 H-6 H-7 
127 Pyrrol-2-yl H E CDCI3 6.00 7.56 6.56 6.27 6.93 
127 Pyrrol-2-yl H Z CDCI3 5.53 6.77 6.52 6.27 7.01 
128 Pyrroi-2-yi Me E CDCI3 (2.16)a 7.57 6.54 6.34 6.94 
128 Pyrrol-2-yl Me Z CDCI3 (2.06)a 6.73 6.44 6.24 6.92 
129 Imidazol-2-yI H E DMSO 6.57 7.42 7.24 7.24 
129 Imidazol-2-yl H Z CDCI3 5.90 7.01 7.18 7.18 - 
130 Imidazol-2-yl Me E DMSO (2.37)a 7.39 7.30/7.171' 
134 Imidazol4-yl H E CDCI3 6.41 7.59 ---- 7.28 7.69 
131 Imidazol4-yl Me E CDCI3 (2.19)a 7.63 ---- 7.30 7.72 
133 Pyrazol-3-yl H E CDCI3 6.43 7.70 6.56 ----- 7.59 
133 Pyrazol-3-yl H Z CDC13 5.88 6.80 6.45 ---- 7.57 
Pyrrol-2-yl CN E CDC13 --- 8.01 6.98 6.42 7.24 
136 Imidazol-2-yl CN E DMSO - 8.04 7.54 7.54 
138 Imidazo14-yl CN E DMSO - 8.19 - 7.97 8.09 
139 Pyrazol-3-yl CN E DMSO ----- 7.06 ----- 7.74 
Notes 
Chemical shifts of 2-methyl substituents. 
Resonances not assigned to specific ring protons. 
[•TS' 
The second characteristic set of resonances present in the IH NMR 
spectra of the azolyipropenoates 99 are those of the propenoate moiety. These 
occur over a wide range of chemical shift values (H 5.53-7.70) depending 
upon the geometry of the alkene and the nature of the azole. The chemical 
shifts of the H-2 and H-3 resonances in this series are somewhat reduced in 
comparison with those of cinnamic acid and its methyl ester.106 The chemical 
shift of the H-3 resonance is dominated by conjugative electron withdrawal 
from the 3-position by the ester group, together with the deshielding effect of 
the aromatic ring-current. The value of 6H-3  varies from 7.42-7.70 ppm for the 
(E)-isomers to 6.78-7.02 ppm for(Z)-isomers, and this was used to assign the 
geometry of 2-substituted examples of the series. A similar pattern is 
observed for the H-2 signals, although the chemical shifts are substantially 
less, L8H 0.85-1.56. It is also noticeable that H-2  is particularly affected by the 
presence of a second nitrogen atom in the azole, with increases of 8H 0.4-0.6 
ppm relative to methyl 3-(pyrrol-2-yl)propenoate 127. Replacement of R = H 
with a substituent appears only to have a significant effect for R = CN, in 
which cases an increase in frequency of the H-3 resonance occurs, 8H..3  8.01-
8.32. Both the 'cis' and 'trans' olefinic 1H-1H couplings are consistent with 
analogous systems such as cinnamic acid (3Jth 12.3 Hz and 3ltrans  15.8 H.Z). 107 
A small allylic coupling (4J Ca. 1 Hz) between H-3 and (CLJ3)-2  is also seen for 
those compounds in which R = Me (Figure 16). 
Figure 16 Typical 1 H-1 H couplings of olefin portion of propenoates 99 
12.5-12.8 







A = H 	3J = 15.8-16.2 Hz 
R = Me 4J = 0.8-1.3 Hz 
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Variations in the 13C  NMR spectra of the azole propenoates 99 again 
reflect both the nature of the azole and the propenoate fragments of the 
molecules (Table 26). As with the IH NMR spectra, the 13C  resonances 
associated with the heteroaromatic ring are for the most part deshielded vis a 
vis the parent heterocycle and are more conveniently related to the 
corresponding azole carbaldehyde 100. The ring quaternary carbons C-4 are 
shielded by 2-5 ppm in the pyrrole and imidazole systems relative to the 
corresponding aldehyde, but by substantially more in the pyrazole 
derivatives, ABC up to 19 ppm. The C-5 resonance appears to be particularly 
sensitive to changes in the geometry of the olefinic bond, as well as to the 
introduction of the nitrile group to the side-chain. The effect of the olefin 
geometry on the chemical shift of C-5 is presumably due to differences in the 
conjugation of the heterocycle with the propenoate between the (E)- and (Z)-
isomers. In the pyrrolyl propenoates 127 and 128, there is also some degree of 
shielding, relative to the aldehyde, of C-7, although the introduction of the 
nitrile group at the 2-position, 136, negates this effect. 
The 13C  NMR spectra of the imidazol-2-yl propenoates 129 (E/Z), 130 
and 138 suggest that the coalescence of the heteroaromatic methine 
resonances occurs close to ambient temperature. Thus, where R = H, 129 
(E/Z), these resonances cannot be readily identified due to substantial 
broadening of the signals, while for R = Me, 130, two resonances can be 
identified and for R = CN, 138, a single peak, presumably due to the 
equivalence of the two signals at ambient temperature, is observed. 
Few variations are observed for the 13C  •NMR signals of the 
propenoate portions of 99, and the points noted are readily summarised. The 
carbonyl resonance occurs in the range 6c 166.44 - 169.50, with the exception 
of those systems in which R = CN causes a shift of the signal to 8c 162.7-163.8 
ppm. The chemical shifts of the olefin resonances are again reduced relative 
Table 26 	1 c NMR Chemical Shifts of AzolvlvroDenoic acid esters 99 
Compound 
99 
Azole R Geometry Solvent 
 C-I C-2 
8C / ppm 
C-3 	C-4 C-5 C-6 C-7 
127 Pyrrol-2-yl H E CDC13 168.01 110.61 134.30 128.20 114.32 110.83 124.30 
127 Pyrrol-2-yl H Z CDC13 169.50 106.97 134.77 128.94 118.62 110.05 122.90 
128 Pyrrol-2-yl Me E CDC13 168.97 128.50 121.03 128.87 113.55 110.76 120.82 
128 Pyrrol-2-yl Me z CDC13 132.33 ----- 117.09 109.44 121.30 
129 Imidazol-2-yl H E DMSO 166.44 117.01 132.66 142.52 a a 
129 Imidazol-2-yl H Z CDCI3 168.64 114.30 135.99 143.38 135•0118•3b 
130 Imidazol-2-yl Me E DMSO 167.68 127.12 124.76 143.27 130.65 118.11 
134 Imidazo14-yI H E CDCI3 167.88 115.42 134.76 ----- 122.47 136.96 
131 Inidazol-4-yl Me E CDC13 168.67 123.12 125.19 134.14 128.93 135.94 
133 Pyrazol-3-yl H E CDC13 168.15 115.48 139.53 137.46 111.16 130.35 
133 l'yrazol-3-yl H Z CDC13 167.13 119.06 135.11 132.02 104.83 132.14 
Pyrrol-2-yl CN E CDC13 163.81 91.16 142.53 128.44 124.27 118.20 126.58 
136 Imidazol-2-yl CN E DMSO 162.98 98.18 139.55 140.06 - 128.50 128.50 
138 Imidazol4-yl CN E DMSO 163.26 95.94 146.70 133.95 127.77 138.76 
139 Pyrazol-3-yl CN F DMSO 162.66 102.7 146.40 144.18 109.11 131.13 
Notes 
Imidazole methine carbon resonances not observed. 
Imidazole methine carbon resonances broadened into very wide band between the frequencies indicated. 
to methyl dnnamate 108 and typically occur within the following limits: 8C 
107.0-119.1 ppm (C-2) and 8c 132.7-139.5 ppm (C-3). These signals are 
slightly shielded, ABC < 4.0 ppm, and deshielded, ABC < 4.5 ppm, respectively 
in the (Z)-isomers. The effects of substituents on the chemical shifts of C-2 
and C-3 are as expected. 
(e) 	Mass Spectra 
The mass spectra of the azolyipropenoates 99 contain strong peaks 
corresponding to the molecular ion, M, and subsequently exhibit a relatively 
simple fragmentation pattern. In the spectra of the majority of the compounds 
investigated, the initial loss is that of 'OR' (R = Me, Et) to give a peak at M-
31/32 or M-45/46. This generally appears to be followed by loss of CO (M-
OR-28) and the labile CN group, where present, to give a peak at m/z Ca. 91. 
The exceptions to this are those propenoates 128, 130 and 131 containing a 2-
methyl substituent; in these examples the substituent is retained thus giving a 
peak at m/z 106. Subsequent fragmentation involves a further loss of 27 a.m.u, 
probably corresponding to loss of HCN, and then a pathway common to 
other azoles is followed with,109 typically, ions of mass to charge ratio 65/63, 
42 and 39 a.m.u.. 
3. SCOPE OF PYROLYSIS OF AZOLYLPROPENOIC ACID ESTERS 
The pyrolytic route described within this chapter provides a second 
viable route to certain of the title compounds 140 and exhibits features 
complementary to the previous pyrolytic route discussed in the preceding 
chapter. Each of the parent systems 1-3 has been prepared and some simple 
derivatives substituted in the 'east' position have been obtained both during 
this work and in earlier studies6 4 (Table 27) by the pyrolysis of 3-
azolylpropenoates 99 (Scheme 42). The preparations of the parent ring 
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systems 1-3 and of 2-substituted pyrrolizin-3-ones 141-144 by this means have 
proved to be particularly efficient. The preparations of the 6-
methylpyrroloimidazolones 145-147 proved to be lower yielding and 
difficulties were found in their handling. 









Table 27 	Preparation of Pyrrolizinones 140 by F.V.P. of Azolylpropenoic 








 Temp. (Tf)  
Yield 
127 1 1 H 8500CC 87% 
128 141 1 Me 800 C 87% 
142a 1 CN 800 °C 81% 
143a 1 COMe 650 °C 73% 
144a 1 CO2Me 650 °C 83% 
129 (E) 2 2 H 850 °C 90% 
129 (Z) 2 2 H 800 °C 69% 
130 145 2 Me 800 C 40% 
134 3 3 H 850 *C 65% 
131 146 3 Me 850 °C 59% 
132 147 3 1,3,6-Me3 800 °C 57% 
Note 
a) see reference 64. 
This novel methodology has several benefits in comparison with the 
previous route to the pyrrolizinone ring systems 1-3 via Meldrum's acid 
derivatives 98. In particular, both of the pyrroloimidazol-5-ones 2 and 3 are 
now more accessible. The improved volatility of the propenoates c.f.98, has 
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increased the yield of the ring closure to form 2 from 5.8% 7  to 90%. Whereas 
formation of the Meldrum's acid precursor to 3, 114, required the prior 
lengthy synthesis of imidazole-4-carbaldehyde 107, the appropriate 
propenoate 134 can be prepared in a single step from commercially available 
urocanic acid 135. An additional point of note is the potential to introduce 
substituents to the 'east'-position of pyrrolizinones by the pyrolysis of 
appropriate 2-substituted propenoates. This is a consequence of the direct 
generation of the key ketene intermediate 124 (see also Section 4). 
The pyrolyses of 136-139 in an attempt to prepare pyrroloimidazolones 
containing an electron withdrawing in the 6('east')-position gave brightly 
coloured, apparently volatile products. These characteristics are typical of all 
pyrrolizin-3-one and azapyrrolizinone systems previously prepared by f.v.p.. 
Unfortunately, upon condensation in the U-shaped trap of the pyrolysis 
apparatus, these seemingly highly reactive products appeared to have 
formed polymeric solids which were insoluble in all common organic 
solvents. 
Attempts to prepare the pyrrolo[1,2-b]pyrazol-6-one system 4 also 
proved unsuccessful. Pyrolysis of each of the isomers of methyl 3-(pyrazol-3-
y0propenoate 133 at temperatures appropriate to the geometry of the isomer 
(see following section) did not produce any of the desired azapyrrolizinone 4; 
indeed no products of any kind were identified. This observation is discussed 
further in the following section. 
4. MECHANISM OF PYROLYSIS 
Whatever the mechanism involved, the process of ring closure 
presumably requires the propenoate to be in the (Z)-configuration. It has 
previously been shown for a number of phenyl substituted alkenes, including 
methyl cinnamate, that (E)/(Z)-isomerisation occurs in the gas phase, 
typically at temperatures in excess of 600°C, with equilibria being attained at 
800 - 900 *C. 110 Pyrolyses of the (E)- and (Z)-isomers of methyl 3-(imidazol-2-
yl)propenoate 129 at a variety of furnace temperatures could therefore be 
expected to establish whether (E)/(Z)-isomerisation or ring closure was the 
rate controlling process for this reaction. If ring closure of the (Z)-isomer 
occurred at lower furnace temperatures than for the (E)-isomer then (E)/(Z)-
isomerisation would be the rate controlling process. However, if there was no 
significant difference in the furnace temperatures required to effect 
pyrrolo[1,2-a]imidazol-5-one 2 formation then the ring closure would be 
identified as the rate determining step for the reaction. 
After flash vacuum pyrolysis of a small sample of propenoate 129 at a 
given furnace temperature, the crude pyrolysate was examined by IH NMR 
spectroscopy, as shown for the (Z)-isomer in Figure 17, and the percentage 
conversion of 129 at that furnace temperature was calculated from the 
integral values of characteristic substrate and product resonances associated 
with the proton a to the carbonyl. In the case of the (E)-isomer, the low 
solubility of the propenoate required the pyrolysate to be dissolved in 
[2H4]methanol. This resulted in the ring opening of 2 to the (Z)-propenoate 
(see Section E.1); the proportion of 2 generated was therefore found from the 
ratio of unreacted (E)-isomer to (Z)-isomer obtained from the ring opening of 
2. Control experiments were carried out to ensure that (a) none of the (Z)-
isomer was being generated in the pyrolysis of the (E)-isomer and (b) no 
isomerisation of either isomer occurred in [2H41methanol solution. The 
percentage conversions of 129 (E/Z) to 2 are recorded in Table 28 and shown 
in graphical form in Figure 18. It is clear that the (Z)-isomer undergoes ring 
closure at substantially lower temperatures than the (E)-isomer and therefore 
the rate controlling process for the generation of pyrrolizinones 140 by flash 
vacuum pyrolysis of propenoates 99 is the isomerisation of the carbon-carbon 
n. 
Figure 17 1 H NMR Spectra of Pyrolysates from Flash Vacuum 
Pyrolysis of 129(Z) at Various FurnaceTemperatures. 
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Figure 18 Conversion of (E) and (Z) Isomers of 129 to 2 as a Function of 
Pyrolysis Temperature. 
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double bond. 
As indicated previously, attempts to prepare pyrrolo[1,2-b]pyrazol-6-
one 4 by pyrolysis of the propenoate 133 proved unsuccessful with no 
products being identified. Under thermolysis conditions, pyrazoles are 
known to undergo loss of a molecule of nitrogen.lfl Monitoring of the 
pressure during the steady sublimation of 1H-pyrazole 148(a) through the 
furnace tube at a series of furnace temperatures (Figure 19) showed that 
extrusion of nitrogen, via 3H-pyrazole 148(b), occurs at temperatures above 
700°C (Figure 20). However sublimation, over a period of 20 mm, of I mmol 
Figure 19 Variation of Pressure with Temperature 
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of methyl 3-(pyrazol-3-yl)propenoate 133 through the furnace tube 
maintained at 650'C produced a significant rise in pressure (Figure 21) which 
was attributed to extrusion of a molecule of nitrogen from 133. This rise in 
pressure, at a temperature at which pyrazole is stable but propenoates 99 are 
known to undergo some degree of (E/Z)-isomerisation followed by 
elimination of methanol, is consistent with the elimination of methanol from 
133 leading to the formation of a 3H-pyrazole ketene species which can 
subsequently undergo loss of nitrogen. A ketene intermediate 124 can 
therefore be implicated in the overall mechanism for the generation of 
pyrrolizinones 140 from the pyrolysis of azolylpropenoates 99 (Scheme 43). 
Such a process seems more likely than possible mechanisms involving either 
a concerted elimination/ cyclisation or generation of a tetrahedral 
intermediate via nucleophilic attack by the nitrogen on the carboxylate group. 
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D. STRUCTURAL. SPECTROSCOPIC AND PHYSICAL 
PROPERTIES OF PYRROLIZIN-3-ONES, 
PYRROLO[1,2-a1IMIDAZOL-5-ONES AND 
PYRR0L0[1,2-c1IMIDAZ0L-5-0NES 
The previous lack of an efficient synthesis of each of the title 
compounds 1-3 has limited any in-depth study of these heterocycles to a 
thorough investigation of their NMR properties.8 The results obtained from 
this and other works (see Introduction) indicate an independence in the 
behaviour of the two rings other than a small degree of amide-type resonance 
involving the bridgehead nitrogen atom and the carbonyl group. The 
remainder of this chapter involves further investigation of the physical 
properties of 1-3, and the effect of substitution, if any, on the character of the 
ring systems. 
1. SOLID STATE STRUCTURE 
Samples of I -methylpyrrolo[1,2-c] imidazol-5-one 120 and 1-methyl-3-
phenylpyrrolo[1,2-c]imidazol-5-one 122 suitable for X-ray analysis were 
obtained by sublimation and by evaporation of an ethereal solution 
respectively. The ORTEP plots with the crystallographic numbering systems 
are shown in Figures 22 and 24, and the structural parameters are given in 
Tables 29 and 30 respectively. Selected parameters are shown in Figures 23 




Figure 22 ORTEP Plot of 120 with crystallographic numbering system 
Figure 23 Selected structural parameters for 
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Table 29 	Bond Lengths (A), angles (°)and torsion angles (0)  of 120 
'with standard deviations 
C(1) 	-C(1M) 	1.491( 	5) N(4) 	- C(8) 1.376(  
C(1) - N(2) 1.407( 	5) C(S) 	- 0(5) 1.199(  
C(1) - C(8) 1.350( 	5) C(S) 	- C(6) 1.467( 5) 
N(2) - C(3) 1.302( 	5) C(6) 	- C(7) 1.339( 5) 
C(3) - N(4) 1.370( 	5) -  1.461( 5) 
N(4) - C(S) 1.430( 	5) 
C(IM) - C(1) 	- t4(2) 	120.9( 	3) N(4) - C(S) - 0(5) 124.3( 3) 
C(1M) - C(1) 	- C(8) 	130.2( 	3) N(4) - C(S) - C(6) 103.8( 3) 
N(2) - C(1) 	- C(8) 	108.9( 	3) 0(5) - C(S) - C(6) 131.9( 4) 
C(1) - N(2) 	- C(3) 	106.2( 	3) C(S) - C(6) - C(7) 110.1( 3) 
N(2) - C(3) 	- N(4) 	111.0( 	3) C(6) - C(7) - C(8) 108.8( 3) 
C(3) - N(4) 	- C(5) 	141.8( 	3) C(1) - C(8) - N(4) 106.8( 3) 
C(3) - N(4) 	- C(8) 	107.1( 	3) C(1) - C(8) - C(7) 146.8( 3) 
C(S) - N(4) 	- C(8) 	111.0( 	3) N(4) - C(8) - C(7) 106.3( 3) 
C(1M) - C(1) - N(2) - C(3) 	177.7( 3) C(8) - N(4) - C(5) 	- 0(5) 179.6( 4) 
C(8) - C(1) - N(2) - C(3) -0.7( 4) C(8) - N(4) - C(5) 	- C(6) -0.3( 4) 
C(1M) - C(1) - C(8) - N(4) 	-177.8( 4) C(3) - N(4) - C(8) 	- C(1) -0.1( 4) 
C(1M) - C(1) - C(8) - C(7) -2.3( 9) C(3) - N(4) - C(8) 	- C(7) 	-177.4( 3) 
N(2) - C(1) - C(8) - N(4) 	0.4( 4) C(S) - N(4) - C(8) 	- C(1) 177.4( 3) 
N(2) - C(1) - C(8) - C(7) 	175.9( 5) C(S) - N(4) - C(8) 	- C(7) -0.1( 4) 
C(1) - N(2) - C(3) - N(4) 0.7( 4) N(4) - C(5) - C(6) 	- C(7) 0.6( 4) 
N(2) - C(3) - N(4) - C(S) 	-176.5( 4) 0(5) - C(5) - C(6) 	- C(7) 	-179.3( 4) 
N(2) - C(3) - 	 14(4) - C(8) -0.4( 4) C(S) - C(6) - C(7) 	- C(8) -0.6( 4) 
C(3) - 	 N(4) - C(S) - 0(5) 	-4.4( 7) C(6) - C(7) - C(8) 	- C(1) 	-175.1( 5) 
C(3) - 	 14(4) - C(S) - C(6) 	175.7( 4) C(6) - C(7) - C(8) 	- 14(4) 0.4( 4) 
(5) 
104 
Figure 24 ORTEP Plot of 122 with crystallographic numbering system 
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Figure 24 continued 
Side-view 
Figure 25 Selected structural parameters for 
1 -methyl-3-phenylpyrrolo[1,2-c]imidazol-5-one 122 
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Table 30 	Bond Lengths (A), angles (°)and torsion angles (°) of 122 
with standard deviations 
C(1) 	-C(1M) 	1.473( 	8) N(4) 	- C(5) 1.427( 8) 
C(l) - N(2) 1.398( 	8) N(4) 	- C(8) 1.376( 8) 
C(l) - C(S) 1.359( 	8) C(S) 	- 0(5) 1.205( 6) 
N(2) - C(3) 1.310( 	8) C(S) 	- C(6) 1.462( 8) 
C(3) - N(4) 1.386( 	8) C(6) 	- C(7) 1.351( 8) 
C(3) -C(1P) 1.462( 	7) C(7) 	- C(S) 1.446( 8) 
C(1M) - C(1) 	- N(2) 	120.8( 	5) N(4) - C(5) - 0(5) 125.8( 5) 
C(1M) - C(l) 	- C(S) 	130.2( 	5) N(4) - C(S) - C(6) 104.8( 5) 
N(2) 	- C(l) - C(S) 	109.0( 	5) 0(5) - C(S) - C(6) 129.4( 5) 
C(1) 	- N(2) 	- C(3) 	106.8( 	5) C(S) - C(6) - C(7) 109.1( 5) 
N(2) 	- C(3) 	- N(4) 	110.3( 	5) C(6) - C(7) - C(8) 108.8( 5) 
N(2) 	- C(3) 	-C(1P) 123.0( 	5) C(1) - C(S) - N(4) 10.8(  
N(4) 	- C(3) 	-C(1P) 126.6( 	5) C(l) - C(S) - C(7) 145.9(  
C(3) 	- N(4) 	- C(S) 	142.7( 	5) N(4) - C(S) - C(7) 107.2( 5) 
C(3) 	- N(4) 	- C(8) 	107.0( 	5) C(3) -C(1P) -C(2P) 116.9( 4) 
C(S) 	- N(4) 	- C(8) 	110.0( 	5) C(3) -C(1P) -C(6P) 122.9( 4) 
C(1M) - C(l) - N(2) - C(3) 	178.9( 5) C(3) - N(4) - C(S) - 0(5) -4.9(12) 
C(8) - C(l) - N(2) - C(3) 0.1( 6) C(3) - N(4) - C(S) - C(6) 174.6( 7) 
C(1M) - C(l) - C(8) - N(4) 	-178.6( 6) C(S) - N(4) - C(5) - 0(5) 	-176.4(  
C(1M) - C(l) - C(S) - C(7) -2.6(14) C(8) - N(4) - C(S) - C(6) 3.1(  
N(2) - C(l) - C(S) - N(4) 	0.1( 6) C(3) - N(4) - C(S) - C(l) -0.3( 6) 
N(2) - C(l) - C(S) - C(7) 	176.1( 8) C(3) - 	 t4(4) - C(S) - C(7) 	-178.0( 5) 
C(1) - t4(2) - C(3) - N(4) -0.3( 6) C(S) - N(4) - C(S) - C(l) 174.3(  
C(1) - N(2) - C(3) -C(IP) 	177.4( 5) C(S) - N(4) - C(S) - C(7) -3.3(  
N(2) -C(3) - N(4) - C(S) 	-171.3(  N(4) - C(S) - C(6) - C(7) -1.7( 6) 
N(2) - C(3) - N(4) - C(S) 0.4( 7) 0(5) - C(S) - C(6) - C(7) 177.8( 6) 
C(1P) - C(3) - N(4) - C(S) 	11.2(11) C(S) - C(6) - C(7) - C(S) -0.3( 7) 
C(1P) - C(3) - N(4) - C(S) 	-177.2( 5) C(6) - C(7) - C(S) - C(1) 	-173.8( 9) 
N(2) - C(3) -C(1P) -C(2P) 20.4( 7) C(6) - C(7) - C(S) - N(4) 2.2( 7) 
N(2) - C(3) -C(1P) -C(6P) 	-154.1( 5) C(3) -C(1P) -C(2P) -C(3P) 	-174.6( 4) 
N(4) - C(3) -C(1P) -C(2P) 	-162.4( 5) C(3) -C(1P) -C(6P) -C(SP) 174.3( 4) 
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Figure 26 Selected bond lengths (A) of related and model compounds. 
In establishing the contribution, if any, made to the structures of 120 
and 122 by amide type resonance, the characteristics of interest are as follows: 
the planarity of the molecules; 
the bond alternation throughout the system, 
and (iii) the structure of the amide moiety. 
In contrast to the absolute planarity exhibited by 6-bromopyrrolizin-3-
one 14930 examination of the torsion angles associated with the pyrrolo[1,2-
c]imidazol-5-one skeletons of 120 and 122 reveals a small degree of twisting 
at the ring junction, with deviations from 0 and 180° of up to 9°. As in the 
structure of 6-bromopyrrolizinone 149 bond alternation in the 'west' ring is 
more apparent than in the parent heterocycle 150 and also the imidazol-4-yl 
propenoate 134. The formal single bonds in particular are slightly longer than 
in simple imidazoles98,99, 2 and the 4-acyl imidazoles 151 and 152;113,114 
values are more akin to those observed for the N-cinnamoylimidazole 153. 115 
The bond lengths of the pyrrolone 'east' ring show little difference to the 
corresponding values for 6-bromopyrrolizin-3-one. It seems likely that, the 
small disparities relative to the enone portion of the pyrrolo[1,2-c]imidazol-
3,5-dione 154 are a consequence of the substituents present.116 The bond 
lengths of the enone moieties of 120 and 122 show only small differences 
from the acyclic a,13-unsaturated  carbonyl groups of the (E)-imidazol-4-yl and 
(Z)-imidazol-2-ylpropenoates 134 and 129(Z), and resemble closely the enone 
bond lengths of the N-cinnamoyl imidazole 153. The C(5)-C(6) single bond is 
however slightly longer (2-3 standard deviations) in a cyclic environment. 
The features most characteristic of any amide interaction are the bonds 
of the amide linkage. Comparison of the C-N [1.430 (5) A, 1.427$8 Al and 
C=O [1.199 (5) A, 1.205 (6) Ai bond lengths of 120 and 122 with typical values 
for tertiary y-lactams, C-N [1.344 (14) A] and C=O [1.226 (11) A],77  indicate no 
109 
significant involvement of the nitrogen lone pair in resonance with the 
carbonyl function. The bond lengths are however in keeping with the N-acyl 
imidazole 153 and the pyrrolizin-3-one 149, the values being within 2 
standard deviations of these systems. The lack of any substantial amide type 
resonance is emphasised by examination of the structure of the pyrrolo[1,2-
c]imidazol-3,5-dione 154.116 Whereas the C-N (1.418 A) and C=O (1.216 A) 
bond lengths of the pyrrolone (east') ring remain consistent with other 
pyrrolizinones, a sharp contrast is observed in the 'west' ring where amide 
like delocalisation of the nitrogen lone pair generates a 6n-electron system. 
Hence, the C-N (1.384 A) and C=O (1.231 A) are shorter and longer 
respectively than in the 'east' ring. There is no indication of lengthening of the 
carbonyl bond through enone conjugation. 
The conclusions drawn from the structures of 120 and 122 are similar 
to those for the pyrrolizin-3-one 149. The characteristics of the imidazole 
('west') ring are essentially those of an acyl imidazole as are the bond lengths 
associated with the amide function. The parameters of the pyrrolone ('east') 
ring are not substantially different from open chain analogues. The overall 
conclusion remains that there is no evidence for cyclic delocalisation of the 
8n-electron system which would be expected from the small amount of amide 
type delocalisation found for N-acylazoles. 
A comparison of the structures of the two pyrrolo[1,2-climidazol-5-
ones 120 and 122 uncovers little variation in the structural parameters of the 
bicycle upon the introduction of the 3-phenyl substituent other than a slight 
decrease in the differences between the C-C=O and N-C=O bond angles of 
the amide group, from 7.6° in 120 to 3.8° in 122 (c.f. 6-bromopyrrolizin-3-one 
149, 6.1 °30) presumably due to steric effects. In the structure of 122 the plane 
of the phenyl ring lies at 24.7° to the plane of the pyrrolo[1,2-c]imidazol-5-one 
moiety; such twisting is common in imidazoles with a phenyl 
110 
substituent.113,114 The exocyclic carbon-carbon bond lengths are• little 
different to those observed1 13,114  for the 4-acyl-5-methyl-2-phenylimidazoles 
151 and 152. 
Other than the variation in the bond angles around the carbonyl 
carbon of 122 mentioned above, the bond angles in 120 and 122 differ little 
from those found in imidazole 150 and the fused ring systems 149 and 154 
(Figure 27). 
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Figure 27 Selected bond angles (°) of related compounds. 
2. 	ULTRA-VIOLET/VISIBLE SPECTRA 
The intense colours associated with the pyrrolizin-3-one and 
pyrroloimidazol-5-one systems 1-3 have been noted previously. 8 A fuller 
study of the ultra-violet/visible spectra of the pyrroloimidazol-5-one systems 
2 and 3 has been carried out in the course of this work (Table 31). The lower 
wavelength band of 2 shows a small bathochromic shift with respect to N-
acetylimidazole, 117 whereas for 3 a more substantial increase in the 
wavelength of the corresponding band can be observed. The wavelength of 
111 
this absorption bears good comparison with the imidazol-4-yl propenoate 134 
and the corresponding acid 135. However the extinction co-efficient is 
substantially reduced and is more typical of N-acetylimidazole. The second, 
much weaker -  absorption band gives rise to the bright colouration of 
pyrroloimidazol-5-ones and indicates the presence of a second, as yet 
unidentified, electronic transition associated with the pyrrolone ('east') ring. 
Table 31 	UV/ Visible Absorption Maxima of Pyrrolo[1,2-c]imidazol-5- 
rmc nnti R1fd Cnmnnunds 
Compound -Substituentsa Solvent Amax. 033  
N-Acetyl - THF 243(3-72) 
imidazole" 
ic -- EtOH 292 (5.0); 416 (3.7) 
129(E) -- EtOH 306 (4.02) 
129(Z) - EtOH 315 (4.13) 
134 - EtOH 284 (4.32) 
135' - H20 277(4.27) 
2 -- 1,4-Dioxane 254 (3.72); 408 (2.85) 
3 - 1,4-Dioxane 276 (3.61); 366 (3.47) 
120 1-Me 1,4-Dioxane 288 (3.70); 381 (3.43) 
121 1,3-Me2 1,4-Dioxane 281 (3.62); 395 (3.40) 
253 (4.26); 295 (3.77); 
122 1-Me-3-Ph 1,4-Dioxane 425(3.67) 
146 6-Me 1,4-Dioxane 276 (3.59); 376 (3.24) 
147 1,3,6-Me3 1,4-Dioxane 285 (3.64); 390 (3.43) 
Notes 
Substituted compounds 120-122 and 146-7 are all derived from 
pyrrolo[1,2-c]imidazol-5-one 3. 
reference 117. 
C) reference 30. 
d) reference 118. 
The magnitude of the effects of simple substituents on the absorption 
bands of pyrrolol1,2-c]imidazol-5-one are variable, although substitution 
appears generally to cause a bathochromic shift of both bands. An exception 
112 
to this is substitution in the 6('east')-position which has little effect on the 
hypsochromic band. This may provide further evidence for the lower 
wavelength band being associated with the imidazole ring. Substitution in 
the imidazole ('west') ring has a more substantial effect on the higher 
wavelength band, although some shift of the band at 280-290 nm is also 
observed. Not surprisingly 1,3-disubstitution effects a larger bathochromic 
shift than 1-monosubstitution. In particular, extension of conjugation through 
the introduction of a 3-phenyl group causes a substantial increase in the 
wavelengths of both pyrrolo[1,2-c]imidazol-5-one bands, as well as 
introducing an additional band at 253 nm associated with the phenyl 
chromophore. 
The overall picture obtained from the ultraviolet spectra discussed in 
this section corroborates the conclusions previously drawn about the ring 
systems 1-3, namely that they are essentially N-acylazoles which exhibit an 
additional inter-ring interaction. 
3. 	INFRA-RED SPECTRA 
Little variation in the characteristic carbonyl absorption bands is 
observed in the infra-red spectra of substituted derivatives of 1-3 (Table 32). 
For pyrrolizin-3-ones the band typically occurs in the region 1725-1760 cm -1 
For the pyrrolo[1,2-c]imidazol-5-ones, the carbonyl band is slightly reduced 
with respect to the parent compound 3. The band at ca.1620 cm which is 
apparent in the JR spectra of the azapyrrolizinones could generally not be 
identified for pyrrolizin-3-ones. 
Comparison of the carbonyl stretching frequency of 3-oxo-pyrrolizine-
5-carboxylic acid 103 with typical values for I3 119,120 and ?-lactams 121 ' 22 
shows a strong similarity with those found for biologically active f3-lactams. 
113 
Table 32 	IR Absorption Maxima of Pyrrolizin-3-ones and 
AzaDvrrolizinones 
Compound Parent Ring Substituents Vmax I cm-1 
P 1 - 1740 
141 1 2-Me 1735, 1475 
118 1 7-Me 1738, 1526 
103 1 5-CO2H 1760 
119 1 5-CO2Et 1750 
2b 2 - 1760 
145 2 6-Me 1770, 1600, 1555 
3b 3 1750 
120 3 1-Me 1735, 1620 
122 3 1-Me-3-Ph 1735,1615 




4. NMR SPECTRA 
The 1H NMR spectra of each of the pyrrolizin-3-ones and 
azapyrrolizinones prepared in this work were assigned as shown in Table 33 
by analogy with their precursors and with the parent compounds 1-3. Details 
of the spectra of the methyl substituted pyrrolizin-3-ones 118 and 141 have 
previously been mentioned in the introduction to this thesis. In both cases a 
slight shielding of adjacent protons can be observed. The presence of a 
carboxylate group in the 5-position of pyrrolizin-3-one causes an increase in 
frequency of all resonances of at least 0.1 ppm, with a particularly large effect 
(H> 0.8 ppm) upon the neighbouring proton H-6 ('west'). It seems unlikely 
that the substantial difference in the chemical shifts of H-I ('north east') of the 
carboxylic acid 103 and the ethyl carboxylate 119, 'H  0.39 ppm, is purely a 
solvent effect. Such a difference may be attributed to variation in the 
polarisation of the enone moiety through intramolecular hydrogen bonding. 







HSW HW HNW 
1 --- CDC13 7.04 5.63 6.85 595 595 
141 1 2-Me CDCI3 6.68 ---- 6.83 5.93 5.82 
118 1 7-Me CDC13 7.05 5.56 6.81 5.56 
103 1 ()CO2H Acetone 7.51 5.98 ---- 6.87 6.28 
119 1 5-CO2Et CDC13 7.12 5.80 ---- 6.78 6.01 
2 ____ CDC13 7.23 6.02 7.03 6.96 
145 2 6-Me Acetone 7.03 ---- 7.19 6.95 
3 3 CDCI3 7.32 5.86 7.76 ---- 6.81 
120 3 1-Me CDC13 7.26 5.80 7.66 
121 3 1,3-Me2 CDC13 7.21 5.69 ---- ---- 
122 3 1-Me-3-Ph CDC13 7.27 5.76 ---- ---- 
146 3 6-Me CDC13 6.90 ---- 7.68 ---- 6.62 
147 3 1,3,6-Me3 CDCI3 1 	6.84 ---- ---- ---- 
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As for 2-methylpyrrolizin-3-one, the presence of a methyl substituent 
in the 'east' position of pyrrolo[1,2-alimidazol-5-one, i.e.145, has little effect 
other than a slight shielding of the enone p-proton, HNE. The same is also 
true for the pyrrolo[1,2-c]imidazol-5-ones 146 and 147, A5H  ca.0.40 ppm vis a 
vis 3 and 121 respectively. Substitution in the 'west' ring of pyrrolo[1,2- 
c]in,idazol-5-one has little effect on the olefinic resonances of the 'east' ring. 
The chemical shifts of the methyl substituents in the 'east' position are 
slightly deshielded with respect to a-methylcyclopentenone. 123 However, 
deshielding of a methyl group in the a-position of an a43-unsaturated amide 
relative to the corresponding ketone has been observed for acrylamide. 124 
The HNE-Cth  coupling constants, 4j  1.5-1.8 Hz, are consistent with allylic 
spin-spin coupling in a-methylcyclopentenones (Table 34).125 
Table 34 	1H NMR Parameters for MethvlDvrrolizinones. 
Compound 
MeE 





141 1.86 ---- ---- 4J1.7 
145 1.95 ---- 4j 1.8 
146 1.89 -- -- 11.7 
147 1.89 2.40 2.06 411.5 
118 - - 1.98 410.5 
120 -- ---- 2.17 
121 -- 2.45 2.13 
122 - -- 2.22  
The resonances associated with methyl groups in the 'west' ring of 1 
and 3 are at slightly lower frequency than in the corresponding 
heterocycles. 126,127 
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The 13C NMR spectra of the pyrrolizin-3-ones and pyrroloimidazol-5-
ones were assigned by analogy with related compounds and from their 3C-
1H coupled spectra. The chemical shifts are recorded in Table 35, and 
generally exhibit the same features as the parent systems 13,8  that is to say 
the azole resonances differ only slightly from simple mono-heterocycles 
while the enone methine carbon atoms are less polarised than is usual for 
cyclopentenone rings. 128 Introduction of a methyl substituent in the 'east' 
position of 1-3 causes a reduction in the frequency of the CNE  resonance; Mc 
> 6 ppm for 1 and 3, 3.5 ppm for 2, c.f. cyclopentenpne ABC 6.8 ppm.129 A 
small deshielding (Mc 2-3 ppm) of the C1 signal is also observed. 
The effects of substitution in the azole ('west') ring, relative to the 
parent systems, are predictable, for example in the pyrrolo[1,2-c]imidazol-5-
one series, the presence of a -1 ('NW')-methyl substituent effects a consistent 
shielding of the bridgehead carbon (CN) of approximately 4 ppm. Similarly, 
the corresponding resonance in 7-methylpyrrolizin-3-one 118 is shielded by 
2.2 ppm relative to 1. 
Variations in the chemical shift of the carbonyl carbon, CSE, of 
substituted pyrrolizin-3-ones and azapyrrolizinones relative to the parent 
heterocycles, are small (Mc :5 2.1 ppm) but consistent, with substitution in 
the 'east' and 'south west' positions having the stronger effects. The small 
deshielding of the carbonyl carbon (Mc Ca. I ppm) upon the introduction of a 
methyl group to the former position is typical of such substitution in a,13-
unsaturated ketones. 129  The resonances of the 'west' ring remain typical of N-
acylazoles. 76 
The chemical shifts of methyl carbons follow the same pattern as in the 
1H NMR spectra, with the 'east'-çH3 resonance being found at lower 
frequency than the signals associated with those methyl groups attached to 
the azole ring. Of more interest are compounds 103 and 119 which 




CNE CE CSE 
ac /ppm 
Csw C, CNW CN 
1 CDC13 138:26 121.69 165.31 118.63 115.39 111.53 136.88 
141 1 2-Me CDC13 131.38 120.60 166.54 118.23 114.98 109.29 136.48 
118 1 7-Me CDC13 136.39 120.54 165.66 119.18 117.62 123.98 134.08 
103 1 05 'CO2H Acetone 138.15 122.48 165.07 126.16 124.33 110.28 140.95 
119 1 5-CO2Et CDC13 136.70 123.84 163.43 126.15 124.10 109.45 141.68 
2 CDC13 13698 127.61 162.60 114.12 134.93 ---- 155.64 
145 2 6-Me Acetone 133.46 137.12 ---- 113.26 129.17 
3 CDC13 138.01 123.35 162.41 134.44 ---- 126.53 134.98 
120 3 1-Me CDC13 137.62 121.73 162.65 134.30 --- 137.59 131.20 
121 3 1,3-Me2 CDC13 136.50 120.82 163.57 147.90 ---- 136.91 131.01 
122 3 1-Me-3-Ph CDC13 136.21 120.84 163.42 149.96 --- 137.98 130.98 
146 3 6-Me CDC13 131.44 133.80 163.65 134.24 ---- 124.54 
147 3 1,3,6-Me3 CDC13  1 	130.31 134.59 164.51 147.23 ---- 131.03a 129.96a 
Note 
a) Resonances could not be differentiated by inspection or analogy. 
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contain a carboxyl substituent in the 5('south west')-position. The resonances 
of the carboxyl carbons are at substantially lower frequency than is usual for 
carboxylic acids (8c 165-185 ppm) and esters (5c 160-180 ppm). 130 
Comparisons with analogous systems (Figure 28) suggest that these 
disparities are partly a consequence of conjugation of the carbonyl with the 
pyrrole ring together with the presence of a second electron withdrawing 
substituent attached to the pyrrole ring. 
Figure 28 13C  NMR Chemical Shifts (ppm) of 
5-Carboxy-3-oxo-pyrrolizines and Related Compounds 
CHO 
9H 
RO2C 	 RO2C 
R = Me, 8C 164.25.a 	 R = H, 5c 161.37." 




R = H, 5c 173.5. 0 	 103 R = H, 5c 157.34. 





There has as yet been no investigation of the effect of substitution on 
13C-1H spin-spin coupling in pyrrolizinone systems, although a significant 
quantity of data has been collected in this and previous work. 28,30,64 11c-H 
Values for a number of pyrrolizin-3-ones and pyrrolo[1,2-c]imidazol-5-ones 
are recorded in Table 36. 
119 




 NE E 
11CH / Hz 
SW 	W NW Alkyl 
1 - 176.3 181.8 192.1 174.8 175.0 
1 1-Me - 179.2 192.4 173.8 174.3 128.9 
141 1 2-Me 174.6 - 192.2 173.6 174.8 128.5 
18428 1 5-Me 175.2 181.6 - 172.1 174.4 129.4 
118 1 7-Me 174.9 179.4 191.8 172.1 - 128.0 
14264 1 2-CN 181.5 - 194.9 179.7 177.2 - 
14364  1 2-COMe 178.1 - 192.8 181.8 173.5 
103 1 5-0O2H 180.3 184.5 - 177.4 179.0 
119 1 5-CO2Et 178.7 182.8 - 177.0 177.7 147.8, 127.4 
1 6-Br 176.0 184.0 198.5 ---- 181.2 
3 - 179.1 183.0 216.9 - 198.5 
120 3 1-Me 177.4 182.7 215.5 - - 128.5 
121 3 1,3-Me2 176.5 181.6 --- ---- 130.5,a 
128.4 
122 3 1-Me-3-Ph 175.9 181.1 -- ----- - 128.4 
146 3 6-Me 177.1 - 216.7 - 195.0 128.9 




a) Coupling constants associated with methyl substituents of 121 and 147 are given in the 
order NE - NW. 
It has been observed previously that a methyl substituent causes a 
slight reduction of the adjacent 11C..H  value in aromatic132 and alkene 
systems. 133 In the pyrrolizin-3-one series this effect is limited to positions 
adjacent to the position of substitution, while in the pyrrolo[1,2-c]imidazol-5- 
ones the effects are discernible over a much greater range. The introduction 
of substituents of increased electronegativity is known to have a more 
substantial impact on 11c-H  values. 132,134  This is evinced in this case by 
increases in 11C..H  values for pyrrolizin-3-ones containing electronegative 
substituents. Not surprisingly, the effects of such substitution generally 
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manifest themselves most strongly at positions adjacent to the site of 
substitution. Increases in 11c-H  are in the range 1.8-6.4 Hz. In addition, 
however, some variations are also seen in the 'unsubstituted' ring. The 
substantial increases in the magnitude of the single bond coupling for the 
6('west')-position of the 2-substituted pyrrolizin-3-ones 142 and 143 are 
particularly noteworthy and provide further evidence for a deep seated inter-
ring electronic interaction. 
The networks of long range 13C-1H couplings in pyrrolizin-3-ones 
(Table 37) vary little from the parent ring system or from simple monocyclic 
model compounds.8 No cross-ring couplings are observed. The effects of 
substitution on longer range couplings are limited although 31CSE..H  does 
show some sensitivity to substitution. In systems containing a methyl group 
the two bond coupling of the ipso carbon to the methyl protons is 
approximately 7.3-7.9 Hz and the three bond coupling of CNE  to Cth(East)  in 
Table 37 	Lone Range 13C-1H Counlins of Pvrrolizin-3-ones 
Compound Substituent 




5,7 6,5 6,7 7,6 7,5 
1 - 3.0 - 7.6 11.8 7.6 7.6 7.8 4.5 4.7 7.6 
1-Me 6.4 5.5 8.3 - 7.7 7.7 8.0 4.3 4.8 7.6 
141 2-Me 6.1 7.8 --- ---- 7.7 7.7 7.9 5.1 7.5 7.5 
18428 5-Me - - - --- - 7.8 - 4.5 4.5 
118 7-Me - -- -- - 8.2 - - 
142 2-CN - 4.1 --- 10.6 7.8 7.8 6.7 3.6 4.1 7.6 
14364 2-COMe -- -- - 10.1 8.2 8.1 8.2 5.0 4.5 7.7 
103 (5~I CO21­1 11.6 2.6 - - 	--- -  --- -  --- - --- 4.3 4.0 - 
119 U5 CO2Et ---- - 7.6 13.0 7.8 7.8 ---- 4.2 4.0 -- 
6-Br - 2.3 8.1 12.3 - 5.3 - - 6.2 
Notes 
Couplings of bridgehead quaternary carbon C-7a are not readily identified. 
Resonance complicated by coupling to methyl hydrogens 
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'east'-methyl substituted compounds is Ca. 6 Hz. The 2Jc-H  and  31C..H  values 
are slightly reduced in 1-methylpyrrolizin-3-one. 
In summary, variations in the NMR parameters of substituted 
pyrrolizin-3-ones and azapyrrolizinones in comparison with the parent ring 
systems 1-3 can generally be readily explained. However additional evidence 
for an electronic interaction between the two rings of these heterocycles has 
been identified. 
5. MASS SPECTRA 
The fragmentation of pyrrolizin-3-ones and their aza analogues under 
electron impact conditions has been discussed in the introduction to this 
work. However some of the features observed in the mass spectra of the 
systems prepared during the course of this work remain worthy of mention. 
With one exception, the base peak for each compound was found to be 
the molecular ion peak. The subsequent fragmentations then however follow 
a number of related pathways. Firstly, the pyrrolizin-3-ones 103 and 119 
containing the particularly labile carboxyl substituents undergo loss of the 
substituent before following the usual pyrrolizin-3-one fragmentation 
pattern. The 'east' and 'north west' monomethyl substituted systems exhibit 
somewhat more complex mass spectra than the parent compounds due to the 
possibilities for competing fragmentations; nevertheless the characteristic 
losses of CO (M-28) and HCN (M-57), m/z 106/105 and 79/78, are still 
apparent. The fragmentation patterns of the pyrrolo[1,2-climidazol-5-ones 
121 and 122 appear to substantiate partially the mechanism of fragmentation 
proposed in the introduction (Scheme 22). Peaks at m/z 107 in each of their 
spectra are consistent with a loss of R-CN (R = Me, Ph) from the molecular 
ion. A peak at m/z 79 could correspond to the subsequent loss of CO. 
Although this is a reversal of the usual pattern of fragmentation, there is no 
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significant peak in either of their spectra to indicate that CO loss is involved 
in the initial fragmentation in these cases. The complexity of the spectra do 
again infer a number of competing pathways. The trimethylsubstituted 
system 147 appears to show consequent losses of CO. m/z 133, and two 
molecules of MeCN, m/z 93 and 52. The latter peak is common to the majority 
of the systems studied. 
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E. INVESTIGATION OF THE REACTIVITY AND 
CHEMICAL PROPERTIES OF THE PYRROLIZIN-3-ONE. 
PYRROLOE1.2-a1IMIDAZOL-5-ONE AND 
PYRR0L0F1,2-c1IMIDAZ0L-5-0NE SYSTEMS 
The potential reactivity and varied chemical character of the 
pyrrolizin-3-one system has been alluded to previously in the introduction to 
this thesis. Prior to this work the availability of the ring system 1 had 
restricted any examination of its chemical properties to, for example, opening 
of N-acyl bond under basic conditions and reduction of the olefinic bond. In 
the case of the previously unknown pyrroloimidazol-5-ones 2 and 3, not even 
such fundamental reactions had been investigated. 
1. REACTIONS WITH NUCLEOPHILES 
(a) 	O-Nucleophiles 
Upon treatment with a solution of sodium methoxide in methanol 
pyrrolizin-3-one 1 underwent almost immediate ring opening to methyl (Z)-
3-(pyrrol-2-yl)propenoate 127 (Z) (Scheme 44) whereas under acid conditions 
the formal 'amide' linkage proved stable to solvolysis. Under the latter 
conditions the observed reaction actually involved the olefin moiety, and is 










to acid solvolysis but ready cleavage by base is somewhat different to the 
usual behaviour of amides. 135 It is however consistent with the known pH 
dependence of the hydrolysis of N-acylpyrro1es. 36 In acylpyrroles the usual 
amide type delocalisation of the nitrogen lone pair of electrons is disfavoured 
due to the disruption caused to the pyrrole 6n-electron aromatic system by 
such resonance. The consequent enhancement of the electrophilic character of 
the carbonyl carbon, together with the increased aromatic character of the 
pyrrole ring in the N-unsubstituted pyrrolyl propenoate, 127 (Z) thus favours 
nucleophilic attack at the carbonyl carbon, with the pyrrole ring behaving as 
a much better leaving group than simple amines. The apparent stability of 
pyrrolizin-3-one to ring opening under acid conditions may be due to the 
known polymerisation of the pyrrole moiety in such circumstances. 57 
The pyrroloimidazol-5-ones 2 and 3 have proven to be more reactive 
towards ring opening than pyrrolizin-3-one 1. Whereas the amidic bond of 
pyrrolizin-3-one was stable in neutral 27 and acidic methanol, 2 and 3 
underwent complete ring opening to the corresponding (Z)-3-imidazolyl 
propenoates 129 (Z) and 134 (Z) in neutral methanol at ambient temperature. 
The methanolyses of pyrrolo[1,2-a]imidazol-5-one 2 and 1-methylpyrrolo[1,2- 
( N)<1_\ 	MeOH 	(N)z—" 
CO2Me 
0 
l h 2 	 129(Z) 
2 days 
3 	 134(Z) 
Scheme 45 
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c]imidazol-5-one 120, in a large excess of methanol were monitored by 
ultraviolet spectroscopy. The collection of spectra so obtained (Figures 29 
and 30) exhibit sharp isosbestic points at 272 & 364 nm and 281 & 350 nm for 
2 and 120 respectively, as the two absorption bands characteristic of the 
azapyrrolizinones were replaced by single peaks at 318 nm and 315 nm. The 
presence of isosbestic points lnplies the absence of any stable intermediate 
species during the ring opening process. 
It was believed that the ring opening of azapyrrolizinones by neutral 
methanol would, in the presence of a vast excess of nucleophile, follow 
'pseudo first order' kinetics. Attempts to obtain absolute rate constants for 
the 'pseudo first order' methanolyses of a number of pyrroloimidazolones 
were carried out. The reactions were monitored by UV or 1H NMR 
spectroscopy. Where UV spectroscopy was used, the absorbance at an 
appropriate wavelength in the visible region was taken as a measure of 
azapyrrolizinone concentration; observance of the Beer-Lambert law was 
assumed. 'Pseudo first order' rate constants were obtained as the slopes of 
plots of (inEazapyrrolizinone] vs. time) for the methanolysis of the 
azapyrrolizinone in either a dioxane solution of methanol or neat methanol. 
The half-life of the azapyrrolizinone in methanol was then calculated. Details 
of these experiments are recorded in Table 38, and the plots are shown in 
Figure 31. 














Figure 30 	UV Monitoring of Methanolysis of 1-Methylpyrrolo[1,2-c]imidazol-5-one 120 
275 	300 	325 	Wavelength / rum 	450 	500 
128 
Table R 	1F.nerimenta1 Conditions and Results for Figure 31 
Substrate Substituents [MeOH] 
/mol dm-3 
A.a / nm kobs ' 
s-1 




2 - 3.95 450 5.9510- 1.47x10 2  47e  
3 - 9.87 430 2.8400 7.0910 98 
120 1-Me 9.81 400 5.83x10 1.4700 472 
122 1-Me-3-Ph 24.67 500 1.42x10 1.4210 486 
146 1 	6-Me 1 	9.87 450 1 2.3910 5.9810 116 
Notes 
Wavelength at which disappearance of substrate chromophore was monitored. 
Observed rate constant at 25.1 C +1- 0.1 C. 
C) Calculated rate constant for methanolysis of substrate in neat methanol 
(24.67 mol dm-3). 
Half-life of substrate in methanol based on 
First order kinetics not obeyed fully; 
rate constants based on value over approximately first two half lives 
Figure 31 
	
Plots of ln[azapyrrolizinone]  vs. Time for Methanolyses of 3, 
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The reaction of 3 with [2H4]methanol was monitored by 1H NMR 
spectroscopy. The resonances indicated in Table 39 were monitored and the 
magnitudes of their integrals were taken to be a measure of the concentration 
of each component. Thus, an approximate rate constant during the first half 





 + JL 
Ir OH6.OJ 	öH5.8 
The 'pseudo first order' rate constant and half-life of 3 in [2H4]methanol are 
recorded in Table 39. 
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Table 39 	ExDerimental Conditions and Results for Figure 32. 
Temp / °C [MeOH] 
/ mol dm-3 
Resonances Monitored 
oH / ppm 
k / 
min-1 
Incoming  Outgoing 
20.5 +/- 0-1 24.67 6.0 5.8 0.0135 1 -51 mm 
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The limitations of this study are apparent from a comparison of the 
half-lives of 3 in methanol obtained by UV spectroscopy monitoring (98 s) 
and 1H NMR spectroscopy monitoring (51 mm). Kinetic isotope effects and 
temperature effects are insufficient to explain this discrepancy; no meaningful 
discussion of the results recorded in Tables 38 & 39 is pertinent until the 
reasons for such a large variation between experiments have been 
investigated fully. It would appear that there is a catalytic influence of some 
description affecting the ring opening of 3 by methanol. The plots of 
(in[azapyrrolizinone] vs. time) do nevertheless confirm that, in the presence 
of a vast excess of methanol, the reactions are, as proposed, 'pseudo first 
order' processes. 
As an alternative to studying the absolute rate constants for the 
solvolysis of the azapyrrolizinone systems 2 and 3, the effects of substitution 
and the position of the nitrogen on the rate of ring opening were investigated 
by means of a number of competition reactions. A mixture of an 
azapyrrolizinone and a standard system 3 was treated with [21-14]methanol 
and the competing reactions were followed by 1H NMR spectroscopy. 
Pyrrolo[1,2-c]imidazol-5-one 3 was chosen as the standard because early 
indications suggested that it had intermediate reactivity with respect to the 
other compounds being studied and also because it could easily be obtained 
in larger amounts. Details of the method are recorded in the Experimental 
part of this thesis, Section F.1.(b).(iii). Resonances characteristic of the sample 
and standard were monitored through time. The magnitudes of the 
normalised integrals of these resonances were taken to be a measure of the 
concentrations of the pyrroloimidazol-5-ones in the mixture. Attempts to 
obtain absolute rate constants for each component in a given mixture proved 
unsuccessful, with 'first order' kinetics apparently not being obeyed. A more 
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successful approach, which provided a direct comparison of rate constants, 
involved the determination of 
k mpie 
kstandard = kreiative
, the relative rate constant. 
For a 'pseudo first order' process, 
A 	) Product 
Rate of reaction = -d[A] dt = kA.[A] 
-d[A] 
[A] = kA.dt 
Integrating from time = 0 to time = t, 
lIZ' = }kA.dt 
0 	 0 
-(1n[A] - ln[A} 0) = kA.t 
[A]0  
In 	= kA.t 	(1) 
[A]0 = Concentration of A at time = 0. 
[A] t = Concentration of A at time = t. 
Similarly, for competing reaction 
B 	) Product 
[B] 0 




... 	t = 1ny ___ (2) 
At any given moment, the value oft is the same for each component in the mixture, 
hence 
Substituting (2) in (1), 
[A]0 	kA 	[B]0 
""'[Alt= in 
C.f. y = m.x + c 
Therefore for competing 'pseudo first order' reactions a plot of 
[sample]0 	[standard] 0 
in [samplelt  vs. in [standard]t 
k mpie 
should give a straight line of slope 
kstandard , 
passing through the origin. 
The plots obtained by this means for a number of azapyrrolizinones 
were indeed straight lines passing close to the origin, as shown in Figure 33. 
Hence, the causes of the non-'pseudo first order' behaviour in more 
conventional plots are affecting sample and standard equally. The slope of 
each plot was calculated by a linear regression program. The relative rate 
constants so obtained are recorded in Table 40. 
To allow a meaningful comparison of the reactivity of 
pyrroloimidazol-5-ones with other N-acylimidazoles the competitive 
methanolysis of the standard, pyrrolo[1,2-c]imidazoi-5-one 3, and N-
acetylimidazole was examined in a similar manner. .Althgh— the 
methanolysis of N-acetylimidazole appeared to remain a 'pseudo first order' 
process during the study (Figure 34), as has been observed previously for the 
133 
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hydrolysis of N-acetylimidazole, 137 or to be decreasing in rate with time, the 
usual plot to obtain a value for the relative rate constant of methanolysis 
revealed a rapid acceleration in the relative rate of reaction of the 
azapyrrolizinone 3 (Figure 35), possibly due to catalysis involving imidazole 
being generated in the competing reaction. It does appear nevertheless that 
pyrrolo[1,2-c]imidazol-5-one is cleaved more rapidly than, the acyclic 
analogue N-acetylimidazole, but certainly by less than an order of magnitude 
and probably only Ca. 1-3 times more rapidly, i.e. krelafive  0.3-1. 
Figure 34 
	
First order Plot for Methanolysis of N-Acetylimidazole. 
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The higher degree of reactivity towards solvolysis of the cyclic N-
acylimidazoles 2 and 3 compared with pyrrolizin-3-one 1, an N-acylpyrrole, 
is a general feature of N-acylimidazoles Cf. N-acylpyrroles, 137 and is a 
consequence of the additional nitrogen atom in imidazoles being available as 
a protonation site. The results have also shown that the pyrroloimidazol-5-
ones 2 and 3 are slightly more reactive towards nucleophilic cleavage of the 
amide bond than N-acetylimidazole. It has been noted previously that cyclic 
135 
Figure 35 
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amides undergo hydrolysis more rapidly than acylic analogues 138 and this 
has been attributed to some form of amidic distortion. In this case it is likely 
that any distortion arises from the strained cyclic environment of the amide. 
The competition reactions have shown that pyrrolo[1 ,2-a]imidazoi-5-
one is approximately 10 times more reactive than the isomeric 
azapyrroiizinone 3 towards methanolysis. The effects of substitution on the 
rate of ring opening are small and do not appear to be dependent upon the 
site of substitution. Thus methyl and phenyl substituents seem only to affect 
the rate of ring opening of the pyrrolo[1,2-climidazo1-5-one system by steric 
inhibition, with a three fold reduction in rate per methyl substituent and a 
two fold reduction for a 3-phenyl substituent (Table 40). 
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Table 4fl 	Relative Reactivities of Azanvrrolizinones vs. 3. 
Azapyrrolizinone Subs tituents - kre1.a b Relative 
Reactivity 
2 9.8(3) 92 
3 1 9.3 
120 1-Me 0.334 (10) 3.1 
121 1,3-Me2 0.107(8) 1 
122 1-Me-3-Ph 0.165(6) 1.5 
146 6-Me 0.328(5) 3.1 
Notes 
Rate constant for methanolysis of the azapyrrolizinone relative to pyrroio 
[1,2-cjimidazol-5-one 
Figures in parentheses are errors in value of kiei• 
(b) 	Other Nucleophiles 
The reactions of pyrrolizin-3-one 1 with a number of amines and 
thiophenol have been studied and, under the appropriate conditions, shown 
to result in the formation of the 'Michael'-type conjugate addition products, 
namely the 1-substituted 1,2-dihydropyrrolizin-3-ones 155-158 (Scheme 46), 
rather than pyrrol-2-yl propenamides or pyrrol-2-yl propenoic acid thiol 









Table 41 	Conditions for Conivate Addition to 1 
Product R X Reaction Conditions Yield 
155 t-Bu NH t-BuNH2 / acetone/ room temp. /2 days 61% 
156 (CH2 )5 N Piperidine/ methanol/ room temp. /45 min 90% 
157 Ph NH Aniline! [water:acetone (6:1)1! reflux! 9 h 68% 
158 Ph S Thiophenol/ methanol/ room temp.! 74%  15mm 
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reflect both the high reactivity of the enone moiety of pyrrolizin-3-one and 
the character of the nucleophile. Whereas the reactions of 1 with piperidine 
and thiophenol both proceeded smoothly in methanol at room temperature, 
treatment with t-butylamine under similar conditions resulted solely in the 
ring opening of 1 to methyl (Z)-3-(pyrrol-2-yl)propenoate 127 (Z) due to the 
relatively poor nucleophilic character of the amine. Reactions did however 
proceed in the usual manner in acetone although at a rather slower rate than 
piperidine in methanol due to the reduced availability of protons in solution. 
The lower reactivity of aniline necessitated the use of more forcing conditions 
to effect the conjugate addition of the amine to pyrrolizin-3-one 1. 
The nucleophilic addition of amines to activated carbon-carbon double 
bonds has been well studied. 139 The ready reaction of piperidine with 
pyrrolizin-3-one is in line with the reactivity of piperidine with propenoic 
acid esters, rather than with propenamide, in which case some heating is 
required to effect complete reaction. The reactions of pyrrolizine-3-one with 
the less reactive amines, t-butylamine and aniline, seem to occur more readily 
than the corresponding reactions of propenoic acid esters. Although the 
olefinic bond of pyrrolizin-3-one appears to be somewhat more reactive than 
simple propenoic acid derivatives, its reactivity remains below that of vinyl 
ketones. 
Whereas reaction of pyrrolizin-3-one 1 with piperidine in methanol 
gave exclusively the 'Michael' adduct 156, study of this reaction in 
[2H6]acetone by 1H NMR spectroscopy revealed that a 74:26 mixture of 
'Michael':ring opened adducts was obtained. The availability of protons in 
methanolic solution facilitates the rapid protonation of negatively charged 
intermediates whereas, in essentially 'aprotic' acetone solution, the 
protonation of anions is necessarily much slower. Thus, the exclusive 
formation of the 'Michael' adduct in methanolic solution, and the 
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identification of a mixture of 156 and 159 in acetone solution, are consistent 
with the 'Michael adduct being the kinetically controlled product and the 
propenamide being the thermodynamically controlled product. Catalysis of 
the conjugate addition of amines to activated olefins by the use of an alcohol 
as solvent is well established, 139 and the findings outlined above are in line 
with this. 
C  T'~' - 0  
159 
The regiochemistry of the heteroatom substituent in the 1,2-
dihydropyrrolizin3-ones 155-158 was confirmed by a selected n.O.e. 
experiment. Examination of the 1 H NMR spectrum of 1,2-dihydro-1-
phenylthiopyrrolizin-3-one 158 allowed ready identification of the pyrrole 
resonances, and the large coupling observed between 8H  3.45 ppm and oH 
3.01 ppm identified the methylene protons. The signal at 0H  473 ppm could 
then be assigned to the methine proton a to the substituent. Irradiation of 
this resonance effected enhancements of H-7, o-Ph-H and H2 anfi (Figure 37). 
This clearly established the presence of the phenylthio group in the 1- 
position. Discussion of the 1 H NMR spectra of 158 and other 1,2- 
H7 	







dihydropyrrolizin-3-ones is included in Section F. However it is worth 
noting at this point that the assignments of the methylene resonances at SH 
3.45 and 3.01 ppm, to H2antj and H-2syn  respectively, were in agreement 
with those expected on the basis of the three-bond couplings, 7.9 and 2.8 Hz 
respectively, associated with these signals. 
The overall pattern of nucleophilic addition to pyrrolizin-3-one 1 may 
be considered as reflecting the principle of 'hard' and 'soft' acids and 
bases. 140'141 The hard base, methoxide, attacked the hard carbonyl centre, 
whereas the soft thiol group attacked the enone n-carbon. The intermediate 
hardness of the amines, in particular piperidine, provides the potential for 
nucleophilic attack at both the electrophilic centres of pyrrolizin-3-one given 
suitable control, although this has not been investigated. 
The effect of substitution in the 2('east')-position of pyrrolizin-3-one 
upon the reactions of the ring system with nucleophiles has however been 
studied (Scheme 47), and the results are recorded in Table 42. Reactions were 
carried out at ambient temperature in acetone, unless indicated otherwise. 
The presence of a 2-substituent has the greatest influence on the 
reaction of piperidine with pyrrolizin-3-ones. Reaction with pyrrolizin-3-one 
1 produced a 74:26 mixture in favour of the 'Michael' adduct 156 over the 
propenamide 159. In contrast, the introduction of a methyl group, as in 141,. 
resulted in treatment of the pyrrolizin-3-one with piperidine giving only the 
propenamide 162. It seems likely that this is a consequence of the influence of 
the methyl group on the polarisation of the olefin, and hence on the 
softness/ hardness of C-I. Steric effects in this case are unlikely because 
attack by thiophenol continued to occur readily and exclusively at C-I even in 
the presence of a 2('east')-substituent. The reaction of 141 with thiophenol 
gave I,2-dihydro-I-phenylthiopyrrolizin-3-one 163 as a 92:8 mixture of 
140 
syn:anti stereoisomers. The stereochemistries of the two isomers were 
established on the following bases: 
(j) 	3r 	> 3r 	.65 isyn 'anti' 
comparison of 311,2  with unambiguously assigned syn and anti 
couplings in 158; 
H-2 anti to 1-hetero substituent undergoes resonance at higher 
frequency than H-2 syn to substituent, as in 158 










Table 42 	Effect of 2-substituents on reactions of nucleophiles with 
nvrrolizin-3-ones 
Pyrrolizinone R2 R 1 X Product(s) 
(160) 	(161)  
Ratio 
1 H (CH2)5  N 156 159 74: 26a 
141 Me (CH2)5  N ---- 	162 0: lOOa 
142 CN t-Bu NH ---- identifiable 
142 CN (CH2)5  N products 
1 H Ph S 158 	---- 100:08 
141 Me Ph S 163 ---- 92: 8" 
142 CN Ph S 164 	---- ca.35 : 65b 
Notes 
Ratio of 'Michael' adduct 160 to ring opened product 161. 
Ratio of syn: anti 'Michael' adducts. 
141 
The reactions of 2-cyanopyrrolizin-3-one with t-butylamine and 
piperidine were monitored by 1H NMR spectroscopy. In each case, although 
the instantaneous loss of the characteristic pyrrolizine-3-one colour indicated 
that reaction was taking place, no products could be identified from the 1H 
NMR spectrum. With thiophenol, 2-cyanopyrrolizin-3-one did react in a 
more straightforward manner to give an approximately 35:65 mixture of 
syn:anti isomers of the adduct 164. The isomers were identified using the 
criteria outlined above. 
The relative lack of stereoselectivity in the reaction of 2-
cyanopyrrolizin-3-one with thiophenol is consistent with the generation of a 
planar carbanion intermediate stabilised further by the nitrile group. The 
sharply contrasting stereoselectivity observed in the reaction of 2-
methylpyrrolizin-3-one is most conveniently explained by the influence of 
steric factors upon the approach of the protonating species rather than by any 
steric congestion in the product 163. 
On the basis of the greater reactivity of the azapyrrolizinones 2 and 3 
towards nucleophilic ring opening, which has been demonstrated previously, 
one would expect the reactions of these compounds with piperidine and 
thiophenol to generate a greater proportion of propenamide or thiol ester 
respectively than had been observed for pyrrolizin-3-one 1. The reactions 
were studied by 1H NMR spectroscopy (Scheme 48); the products 165 and 166 
were identified according to characteristic resonances present in the 1H NMR 
spectra of the reaction mixtures and from the mass spectra of the residues 
remaining after removal of the solvent. The results are shown in Table 43. 
The reactions of pyrrolo[1,2-a]imidazol-5-one 2 with methanol and 
thiophenol proceed according to the HSAB principle 140'141 outlined earlier 
for pyrrolizin-3-one 1. The harder O-nucleophile, methanol, effected ring 
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(168, 171,167,173) 
I  
2 or 3 	 (N) 
N nH 
166 
(169, 172, 174) 
Scheme 48 
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1 (CH2)5 N 156 159 74: 26 
2 (CH2)5 N 168 169 72: 10:18b 
3 (CH2)5 N 171 172 75: 25c 
1 Ph S 158 ---- 100:0 
2 Ph S 167 ---- 100:0 
3 Ph 5 173 174 43: 35: 22d 
Notes 
Reactions carried out in [ 2H61acetone unless otherwise indicated. 
Ratio of 168: 169: diadduct 170. 
C) Reaction carried out in C[2H]C'3- 
d) Ratio of 173: 174 diadduct 175; reaction carried out in C[ 2H]C13. 
solely at the enone p-carbon (CNE) to give 167. Piperidine, a nucleophile of 
intermediate character within this study, gave a mixture of 'Michael'-type 168 
and ring opened 169 adducts, surprisingly favouring the 'Michael' adduct to a 
greater extent than it did upon reaction with pyrrolizin-3-one. Thus, 
variation of the west ring of these systems also has a substantial effect on the 
reactivity of the enone moiety as well as on the amide type function. This 
143 
particular reaction was complicated by the presence of a third product whose 
1H NMR spectrum appeared to contain the ABX type system typical of 
conjugate addition products and which was therefore tentatively identified as 
the amide 170 resulting from ring opening by excess amine of the initially 
formed 'Michael' adduct. There was no additional evidence in the 13C  NMR 
spectrum or mass spectrum to confirm this identification. 
0 
, CN 
NH 0 NC) 
170 
SPh 




The reaction of pyrrolo[1,2-c]imidazol-5-one 3 with piperidine gave a 
75:25 mixture of the 'Michael' adduct 171 and the propenamide 172. 
Repeated attempts to isolate the two components of the mixture by 
distillation resulted only in the isolation of small amounts of the 
propenamide together with a substantial degree of decomposition. The 
reactions of 3 with N- and S-nucleophiles were complicated by the capacity of 
the ring system 3 to generate an insoluble polymeric material both upon 
aerial exposure and upon introduction of the nucleophile to the reaction 
mixture. Generation of polymer under the latter circumstances caused 
particular difficulties in the reaction of 3 with thiophenol as it resulted in the 
presence of a significant excess of nucleophile in the solution rather than one 
equivalent. Hence, three products were identified from the reaction of 3 with 
thiophenol, namely the 'Michael' adduct 173, the thiol propenoate 174 and the 
thiol ester 175 arising from ring opening of the initially formed 'Michael' 
144 
adduct. The diadduct 175 was identified on the basis of the ABX system 
observed in the 1H NMR spectrum in which the vicinal aliphatic 1H-1 H 
couplings showed a reduction in as would be expected upon the 
introduction of free rotation about the former CNE-CE  bond. A strong peak at 
m/z = 341 An the F.A.B. mass spectrum was also consistent with the presence 
of a diadduct in the reaction mixture. Treatment of methyl 0-3-(imidazol-4-
yl)propenoate 134 (Z) with thiophenol showed no evidence of any reaction 
after several hours. This is consistent with the diadduct being formed by ring 
opening of the 'Michael' adduct rather than vice versa and also reveals that the 
notable reactivity of the a,13-unsaturated  carbonyl moiety conjugate addition 
reactions is a consequence of the cyclic character of the enone in 
pyrrolizinones. 
2. 	REACTIONS OF PYRROLIZIN-3-ONE WITH ELECTROPHILES 
It was mentioned in the previous section of this chapter that under 
acidic conditions pyrrolizin-3-one did not undergo solvolysis of the amide 
linkage as might be expected. The only identifiable product arising from the 
treatment of pyrrolizin-3-one with a methanolic solution of hydrogen 
chloride at reflux over 2 h was the methyl ether 176. It is known that under 
neutral conditions pyrrolizin-3-one does not react with methanol; 27 hence the 
product obtained was a consequence of the presence of hydrogen chloride in 
the solution. Treatment of a methylene chloride solution of pyrrolizin-3-one 
with a gentle stream of dry hydrogen chloride gas at room temperature 
effected a loss of the intense red colour of pyrrolizin-3-one after a short while. 
The sole product of this reaction after work-up was shown to be the 
electrophilic addition product I -chloro-1 ,2-dihydropyrrolizin-3-one 177. The 
reactivity of the olefin alluded to in the previous section is further 
demonstrated by the fact that such hydrochlorination reactions usually 
145 
require a heat input 142 and the electron withdrawing carbonyl would be 
expected to reduce the reactivity of the olefin towards electrophilic addition. 
The regiochemistry was established on the basis of a characteristic ortho 
benzylic coupling, 143,144  between the aliphatic methine resonance and H-
7(NW), of 0.9 Hz. The observed regiochemistry is clearly due to polarisation 
of the double bond by the carbonyl group. The surprising reactivity of the 
enone towards electrophilic addition is presumably partly a result of benzylic 
type stabilisation of a charged intermediate. 
The lability of the 1-chloro substituent was demonstrated through its 
rapid displacement by a variety of O-nucleophiles to give an alcohol 178, an 
ether 176 and an ester 179 in high yields, and by the dehydrochiorination of 
177 upon treatment with triethylamine to regenerate pyrrolizin-3-one 
(Scheme 49). 
HCl/ CH 2Cl2I 




	CNiii EI3N/ Et20/ 
r.t./ 3 h 
•70% 	 0 	
0 
177 R 	Yield 
178 H 93% 
176 Me 100% 
179 Ac 	87% 
Scheme 49 
The reactivity of the enone towards electrophilic addition was further 
demonstrated by the reaction of pyrrolizin-3-one with N-bromosuccinimide 
(NBS) in protic solvents at room temperature. The 1-methoxy- and 1-acetoxy-
2-bromo-1,2-dihydropyrrolizin-3-ones 180 and 181, were prepared by this 
means, although in irreproducible yields (Scheme 50). In both cases the 
reactions were monitored by thin layer chromatography. Work-up of the 
146 
reaction upon complete disappearance of starting material did not always 
lead to the isolation of the desired products, and indeed, the 1H NMR 
spectrum of the crude product often contained no pyrrole resonances 
whatsoever. In other instances, the methoxy compound 180 could be 
obtained in up to 82% yield. In the successful bromination of pyrrolizin-3-
one in glacial acetic acid a mixture of products was obtained. The major 
component was identified as 1-acetoxy-2-bromo-1,2-dihydropyrrolizin-3-one 
181, but this was contaminated with small amounts of the elimination 
product 2-bromopyrrolizin-3-one 182. There was also evidence in the F.A.B. 
mass spectrum for the presence of 1,2-dibromo-1,2-dihydropyrrolizin-3-one 
183, in the form of a 1:2:1 system at m/z 280, 278, 276 (C7H5Br2NO). 
Attempts to separate and purify the components of the reaction mixture by 
both chromatography and distillation proved unsuccessful. However, the 
complete cis-elimination of acetic acid could be effected by flash vacuum 
pyrolysis of the crude reaction mixture at 600°C. This pyrolysis gave 2-
bromopyrrolizin-3-one as the sole product in 35% overall yield from 1. 
R 
NBS/ ROH/ For R=OAc, 
1 
C\N F.v.p. 600°C 
1b 	 Br 
r.t. CN 
0 	 0 
180 WeYield 82% 	 182 









The regio- and stereochemistries of the alkoxybromination of 
pyrrolizin-3-one were established by a series of n.O.e. experiments on the 
bromomethoxy adduct 180 (Figure 38); this also allowed the unambiguous 
assignment of the 1H NMR spectrum of 180 (Table 44). The 1-methoxy and 
H-5 resonances were identified by inspection. Irradiation of the methoxy 
resonance gave a small enhancement of the pyrrole resonance at 8H  6.31, 
identifying the latter signal as the H-7 resonance and establishing the location 
of the methoxy group at the 1-position. A substantial enhancement of 8H  4•94 
and a smaller enhancement of 8H  4.70 allowed these resonances to be 
tentatively assigned to H-I and H-2 respectively. Enhancements of 8H  6.32 
(H-7), 8H  4.70 and SH  3.52 (I-MeO) upon irradiation of 6H  4.92 confirmed this 
to be correct, and also suggested anti stereochemistry of substituents. This 
final point was confirmed by 3J1,2 1.9 Hz, a small value consistent with a 
dihedral angle approaching 90 •145  The corresponding coupling constant in 
the acetoxy compound 181 (1,2  1.7 Hz) indicated that the same 
stereochemistry of addition was observed. 
Figure 38 
72161 a AA 	114 NTM1? Pirimpfprc nf lRfl & 1R1 
Pyrrolizinone 8H / ppm (flJ / Hz) 
H-I 	H-2 	H-5 	H-6 	H-7 
180 4.94(l.9) 	4.70(l.9) 	7.10 (3.2, 0.9) 	6.55 (3.1, 3.1) 	6.31 (3.1, 0.9) 
181 6.05 (1.7, 0.9)) 	4.80(l.7) 	7.13 (3.2, 1.1) 	6.57 (3.2, 3.2) 	6.32 (3.2, 1.0) 
148 
The anti-addition of the alkoxy group is consistent with a bromonium 
intermediate. 146  The regiochemistry is readily explained by the stability 
conferred by the benzylic position upon any positive charge, and also by the 
initial polarisation of the olefin. 
The 1H NMR spectrum of 2-bromopyrolizin-3-one 182 shows a 
remarkable similarity to that of the unsubstituted parent compound 1 with 
the four resonances remaining being found within 0.1 ppm of the 
corresponding signals in the spectrum of 1. Some differences are observed in 
the 13C NMR spectrum of 182, most notably for the C-3 (AB C 5 ppm) and C-i 
(c 2.5 ppm) resonances which are both shielded vis a vis pyrrolizin-3-one. 
Also worthy of note is the low frequency of the quaternary C-2 resonance, 8 C  
112.86. The significant shielding of each of the resonances assigned to C-(1-3) 
is presumably due to the "heavy atom" effect 147 of the bromine atom (Table 
45) . 148 The mass spectrum of 182 follows the usual pyrrolizin-3-one 
fragmentation pattern after initial loss of the bromine atom. 
Table 45 	Effects of 2-Bromo Substituent on 1H and 13C Chemical Shifts. 
Nucleus 
(X) 
A8Xa / ppm 
X-1 	X-2 	X-3 	X-5 	X-6 	X-7 	X-7a 
+0.13 	- 	- 	- 	+0.07 	+0.07 	- 
13C 1 -2.54 	-8.83 	-5.09 	+1.78 	+0.14 	+0.41 	-1.35 
Note 
a) 	Change relative to 1. 
The 1H NMR spectra obtained after the action of elemental bromine 
upon pyrrolizin-3-one in [2H]chloroform over a short period at room 
temperature showed an absence of any identifiable compounds, presumably 
due to the oxidising capability of bromine. No investigation of alternative 
reaction conditions57 was carried out. 
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(b) 	Electrophiic Aromatic Substitution 
Pyrroles are known to react more readily than, for example, benzene 
with a wide number of electrophiles due to their it-excessive character with 
substitution occurring preferentially at the (x-position. 57 In this current work, 
investigation of the reactivity of pyrrolizin-3-one with appropriate 
electrophiles has been limited by the highly reactive character of the 
pyrrolone (east') ring. 
It has been shown that some potential for the introduction of 
functional groups to the pyrrole ('west') ring of pyrrolizin-3-one does exist. 
This has been demonstrated by the Vilsmeier-Haack formylation of 
pyrrolizin-3-one, in which electrophilic substitution occurs exclusively at the 
5-position to give 184. However, a number of by-products, arising from the 
electrophilic addition of hydrogen chloride generated in the work-up, across 
the 1,2-double bond of both starting material 1 and product 184, have also 
been isolated from the crude product by dry flash chromatography (Scheme 
(i) DMF-POCI 3 / 
CICH2CH2Cl/ 




184 Yield 16% 
0 




51). Their identities were proposed on the basis of their 1H NMR and mass 
spectra (see Experimental for details), as well as on the known high lability of 
the 1-chloro substituent in the 1,2-dihydropyrrolizin-3-one 177. As a 
consequence of this particularly efficient side-reaction the yield of 3-oxo-
pyrrolizine-5-carbaldehyde 184 was substantially reduced. 
The 1H NMR spectrum of 3-oxo-pyrrolizine-5-carbaldehyde shows a 
pattern of resonances in which each proton is deshielded to some degree with 
respect to 1. Not surprisingly the increase in the frequency of resonance is 
greatest for the proton adjacent to the formyl substituent, H-6. The presence 
of the formyl group has no effect on the 1H-1H coupling constants. Variations 
in the 13C NMR spectrum of 184 from that of 1 are minimal with the signals 
associated with the next ring exhibiting only a slight increase in resonance 
frequency. Effects on the east ring are minimal (Table 46). 




X-1 	X-2 	X-3 	X-5 	X-6 	X-7 	X-7a 
+0.17 	+0.28 	- 	 - 	 +0.95 	+0.20 
13ç +0.51 	+2.20 	-0.64 	+15.54 	+9.23 	-0.76 	+4.92 
Note 
a) 	Change relative to 1. 
The second electrophilic aromatic substitution reaction which was 
studied was the attempted coupling of 1 to benzenediazonium salts. Under 
neutral conditions, with benzenediazonium tetrafluoroborate, and under 
mildly acidic conditions, with benzenediazonium chloride, no reactions were 
observed indicating a relative lack of reactivity of the pyrrole ring of 
pyrrolizin-3-one. Coupling of the diazo salt did occur under basic conditions 
but the conditions required resulted in cleavage of the amide linkage, so that 
methyl (Z)-34pyrrol-2-y0propenoate 127 (Z) and the phenylazopyrrole 185 
151 
were obtained in 25% and 46% yields respectively (Scheme 52). Coupling of 
benzenediazonium chloride with previously ring opened methyl (Z)-3-
(pyrrol-2-yl)propenoate 127 (Z) also failed to proceed significantly under 
acidic conditions. However, basification of the solution again caused some 
degree of coupling to occur, with 185 being obtained in 43% yield together 
with a significant amount of unreacted starting material (Scheme 52). 
I) NaNO2I HCI / 
H20/ MeOH 
ii) NaOH/ H20/ r.t. \NH CO2Me 

















185 Yield 46% 
Scheme 52 
The above results suggest that, in the reaction of benzenediazonium 
chloride with both pyrrolizin-3-one and the propenoate 127 (Z), the 
propensity of the pyrrole ring to undergo electrophilic substitution is reduced 
relative to other pyrroles by the a,-unsaturated carbonyl side chains. The 
almost instantaneous generation of intense colour upon treatment of the 
acidic reaction mixtures with hydroxide may be due to abstraction of the 
proton from the pyrrole N-atom of 127 W. The pyrryl anion thus generated 
would strongly activate the ring towards electrophilic substitution. 149  For 
152 
this to occur for pyrrolizin-3-one, ring opening of 1 to 127 (Z) must occur 
prior to coupling. The inability to ensure diazo coupling of all the pyrroiyl 
propenoate present, even with the use of several equivalents of diazonium 
salt, is consistent with the importance of pH control in the diazo coupling 
process. 
The regiochemistry of substitution in the phenylazopyrrole 185 was 
established by a series of n.O.e. experiments (Figure 39). The olefin 
resonances were readily identified by inspection. Irradiation of the enoate - 
proton caused enhancement of one of the pyrrole resonances thus 
establishing the presence of an annular proton adjacent to the enoate. 
51 /2% 





Irradiation of this proton caused enhancement of the other pyrrole proton 
whose location was therefore identified as being the remaining pyrrole - 
position. Hence substitution occurred at the vacant pyrrole a-position, C-5. 
The pyrolysis of methyl (Z)-(2-phenylazopyrrol-5-yl)propenoate at 
650°C in an attempt to generate 5-phenylazopyrrolizin-3-one proved 
unsuccessful. Decomposition during this pyrolysis can be readily attributed 
to extrusion of nitrogen. 
(c) 	Reaction with Other Electrophiles 
Methoxymethylene 	Meidrum's 	acid 	186 	(2,2-dimethyl-5- 
methoxymethylene-1,3-dioxane) is a mild C-electrophile which has been used 
153 
previously to investigate the reactions of heterocycles with 
electrophiles. 150' 151 Under standard conditions, in an acetonitrile solution 
there was no evidence that pyrrolizin-3-one underwent any reaction with 186, 
even after several hours at elevated temperature. This again emphasises the 
relative lack of reactivity of the pyrrole ring of pyrrolizin-3-one where 186 





3. 	REACTIONS OF PYRROLIZIN-3-ONES WITH FREE RADICALS 
In regard to reactions with free radical species, pyrrolizin-3-one has 
the potential to behave both as a substituted pyrrole and as an alkene. 
Remarkably little is known about the reactions of pyrroles with free 
radicals,152 although free radical halogenation is known to occur 
preferentially in the pyrrole ring rather than on substituents. 153 A convenient 
source of a free radical species to investigate the reactivity of pyrrolizin-3-
ones was available through the treatment of N-bromosuccinimide (NBS) with 
a small amount of benzoylperoxide in carbon tetrachloride. It is believed 154  
that NBS acts as a low concentration source of molecular bromine which 
subsequently reacts by a free radical mechanism. Under such conditions an 
adduct resulting from addition of bromine across the carbon-carbon double 
bond [C(1)-C(2)] might have been the expected product. 155 However, 
reaction over a period of 2 hours gave a single isolable product which was 
identified as 2-bromopyrrolizin-3-one 182 by comparison with a sample 
prepared by an alternative means [see Section 2.(b)]. Examination of the 13C 
154 
and 1H NMR spectra of the crude product did reveal the presence of a second 
minor product which was identified as anti-1,2-dibromo-1,2-
dihydropyrrolizin-3-one 187 on the basis of two aliphatic methine resonances 
observed in both spectra. Repeated attempts to isolate 187 proved 
unsuccessful, presumably due to the previously demonstrated lability of the 
1-halogeno substituent as in 1-chloro-1,2-dihydropyrrolizin-3-one 177. An 
increase in the amount of NBS present in the reaction mixture to two 
equivalents effected no change in the composition of the crude product. 
Direct formation of 182 would require the initial abstraction of a 
vinylic proton. Such processes are not well known, and are generally believed 
to be disfavoured- 156  It is therefore proposed that the reaction of pyrrolizin-
3-one with bromine by a free radical mechanism results in the initial 
Nq 
1 R = H 
188 R=Me 
For 1, 
NBS/ (PhCOO) 2/ 










	for 1 above 	No identifiable products 
Scheme 53 
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formation of the dibromo compound 187 which subsequently eliminates 
hydrogen bromide under the reaction conditions to give 2-bromopyrrolizin-3-
one 182 (Scheme 53). 
Attempts to functionalise the methyl group of 5-methylpyrrolizin-3-
one 188 by the free radical bromination used above were unsuccessful. 
Unlike pyrrolizin-3-one, there was no evidence of any bromination of the 
olefin portion of 188. Indeed no products or starting material could be 
identified in the 1 H NMR spectrum of the crude reaction mixture. 
4. 	PERICYCLIC REACTIONS OF PYRROLIZIN-3-ONE 
If pyrrolizin-3-one is considered as comprising fused pyrrole and 
cyclopentenone type rings, it can be envisaged as having the potential to 
undergo reactions with both dienophiles and enophiles in the manners of the 
constituent rings. This facet of the reactivity of pyrrolizin-3-one was 
investigated by means of a variety of attempted cycloaddition reactions 
involving pyrrolizin-3-one. 
The high reactivity of the enone moiety of pyrrolizin-3-one was 
expected to facilitate Diels-Alder reaction of pyrrolizin-3-one with 
cyclopentadiene, 1 acting in this case as the 2n-electron component. The [4+2] 
cycloaddition proceeded to take place readily upon treatment of 1 with neat 
cyclopentadiene at ambient temperature over a period of 5h. Removal of the 
excess diene gave a 95:5 mixture of endo and exo isomers of 189, 5a,6,9,9a-
tetrahydro-6,9-methano-5H-pyrrolo [2,1-a] isoindol-5 -one (Scheme 54). The 
mixture was separated by dry flash chromatography and the geometry of the 
major cycloadduct was established by 1 H NMR spectroscopy. The pyrrole 
resonances of the major adduct were assigned by inspection. The 
characteristic benzylic coup1ing143144  of H-I to H-9a allowed identification of 
the H-9a resonance. A series of 1 H-1 H decoupling experiments then allowed 
156 
a full assignment of the 1H NMR spectrum of the major adduct. The pyrrole 
and olefin resonances in the 1H NMR spectrum of the minor adduct were 
identified by inspection. Aliphatic resonances were assigned by analogies 
with the major adduct and with simple norbornenes 157 (Table 47). 
5 h/ r.t. 






T1lø &7 	IT-I NTM1? PirimpFrs fnr flie1s-A1dr Adducts 189 
• Adduct 8H /ppm 
189 H-I 	H-2 	H-3 H-5a H-6 	H-7 H-8 	H-9 H-9a H-10 
Major 5.87 	6.31 	6.81 	3.56 	3.33 	6.00 5.76 	3.17 	3.64 	1.75/ 1.60 endo 
Minor 5.97 	6.43 	6.96 	2.98 	3.23 	6.26 1 .48/ 6.26 	2.96 	3.14 1.06 exo 
Adduct nj / Hz 
189 1,2 	1,3 	1,9a 	2,3 	5a,6 5a,9a 	6,7 	6,10 	7,8 8,9 	9,9a 	9,10 	
10 
anti/syn 
endo 3.1 	1.1 	1.1 	3.1 	4.3 	7.0 	2.9 	1.8 	5.7 3.0 	4.0 	1.8 	8.7 
exo 3.1 	- 	 1.1 	3.1 	1 -2a 	6.6 	......b 	1.6 ._..b 	1-2a 	1.6 	9.6 
Notes 
Multiplet not fully resolved although fine coupling apparent. 
Non-first order signal. 
The structures of the cycloadducts were established as shown in Figure 
40 on the bases of the arguments outlined overleaf. 
157 
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Figure 40 
Equatorial protons in 2-substituted-5-norbornenes (e.g.H-5a /9a, 
Figure 40, endo) are always at higher frequency than analogous 
axial protons. 1 57 
The magnitude of 319,9a  and 3J5a,6  in the major endo product (ca. 
4 Hz) is consistent with equatorial /equatorial coupling, 
whereas the smaller values contributing to the unresolved 
multiplets in the 1 H NMR spectrum of the minor adduct are 
more in line with axial /equatorial couplings in norbornenes. 158 
() 3J5a,9a would be expected to be greater in the endo adduct than 
in the exo adduct as 3Jexoexo> 3j I58 
(iv) The relative shielding of the olefin resonances together with the 
apparent polarisation of the olefin on the major adduct suggest 
some additional influence on these protons, presumably by 
'through space' long range shielding by the carbonyl group. 65 
This could only be achieved in the endo adduct. 
Identification of the endo and exo isomers established that reaction 
favoured the endo product by a ratio of 95:5. The dominant formation of the 
endo adduct in Diels-Alder reactions of cyclopentadiene, even though the exo 
form is thermodynamically more stable, is well documented 59 and is 
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generally explained by a lowering of the energy of the endo transition state 
relative to the exo transition state through the influence of bonding secondary 
orbital interactions. 
The variations in the 1H NMR signals associated with the norbornene 
rings of the endo and exo isomers of 189 are typical of the effects of variation 
in the geometry of substitution in cyclic systems. 157'160 The pyrrole 
resonances are typical of 1,2-dihydropyrrolizin-3-ones (see Section F.2), the 
only feature of note being the slight shielding of each of these resonances 
(H 0.1-0.15 ppm) in the endo adduct relative to the exo form, possibly due to 
the local through space influence of the olefin ic-system. 
Examination of the 13C NMR spectra of the exo and endo stereoisomers 
revealed an apparent shielding of the norbornene methine resonances of the 
endo adduct relative to the exo form. Similar effects have also been observed 
in the 13C NMR spectra of isomeric 5-methylnorbornenes for positions 
adjacent to the site of substitution. 161  The main features of note in the 13C 
spectra of the cycloadducts 189, other than the slight variations associated 
with their differing geometries, are the chemical shifts of the carbonyl carbon 
(öc 172.76/172.52 ppm) and the bridgehead quaternary carbon, C-la (c 
141.80/141.00 ppm) which are both slightly deshielded in comparison with 
other partially reduced pyrrolizin-3-ones. 
The infra-red stretching frequency of the carbonyl bond of the endo-
isoindolone is found at 1740 cm -1 , and remains typical of pyrrolizin-3-ones. 
Under electron impact mass spectrometry conditions, both of the Diels-
Alder adducts 189 undergo ready loss of a cyclopentadienyl species to give a 
pyrrolizin-3-one radical cation as. the base peak in their mass spectra. 
159 
The 1,3-dipolar cycloaddition of pyrrolizin-3-one with ethoxycarbonyl 
nitrile oxide 190 was studied. This nitrilium betaine 1,3-dipole was generated 
in situ in the presence of pyrrolizin-3-one from ethyl chioroximinoacetate by 
the method of Huisgen. 162  The product isoxazolines 191 and 192 were 
















192: minor product 
ratio of 191: 192 = 78: 22 
Scheme 55 
The 1 H NMR spectrum of each product was readily assigned by 
inspection and, again, by means of the characteristic HNE/HNW benzylic type 
coupling. On the basis of the assignments the regiochemistries of the adducts 
were proposed as shown in Scheme 55 and were confirmed from the 13C 
NMR spectra of 191 and 192 (Table 48). The key points in proposing these 
regiochemistries were as follows: 
(i) 	the proton adjacent to the isoxazoline 0-atom comes into 
resonance at higher frequency than the other annular proton;163 
160 







191 a = 0, b = C-0O2Et 
192 a = C-0O 3Et, b = 0 
Adduct 8X / ppm 
H-la 	H-3a 	C-la 	C-3a 	C-8a 
191 6.18 	4.97 	59.73 	78.82 	135.68 
192 5.11 	5.70 	47.05 	87.32 	133.91 
in the symmetrically 'disubstituted' 1,2-dihydropyrrolizinone 
189 endo, the benzylic proton H-I a has a slightly higher 
chemical shift than the proton, H-5a, (x to the carbonyl. 
Attachment of an O-substituent would be expected to enhance 
this effect so that A8H  would be greater in 191 than in 192, viz 
major adduct, 18H 1.21 ppm; minor adduct, A8H  0.59  PPM- 
In the 13C NMR spectrum of I-oxy-1,2-dihydropyrrolizin-3-
ones, the methine resonance corresponding to C-la occurs at ö 
62-70 ppm. The only methine resonance of similar frequency in 
the spectrum of either product is found in the spectrum of the 
major adduct 191, at 8C 59.73 ppm. 
In the absence of substituents, the carbon a- to the carbonyl (C-
3a) is likely to resonate at higher frequency that the 13-carbon (C-
Ia). The presence of an O-substituent at the 'east' position 
would be expected to increase the difference between the 
chemical shifts of C-la and C-3a. The greater difference is seen 
161 
for the minor adduct, 192 A8C 40 ppm c.f. major adduct 191 ASc 
19 ppm. 
(v) The chemical shift of the quaternary bridgehead carbon (C-8a) 
in the major product is closer to the corresponding values for 1-
oxy-1,2-dihydropyrrolizin-3-ones. 
The cycloadducts 191 and 192 were obtained in an overall yield of 
62%, in a ratio of 78:22, 191:192. The regioselectivity of 1,3-dipolar 
cycloaddition reactions is most readily explained by frontier molecular 
orbital considerations. 164  
The cycloaddition of a nitrile oxide to ethene is a dipole LUMO-alkene 
HOMO controlled process, the orbital energy difference for this bond 
forming interaction being much less than for the alternative dipole HOMO-
alkene LUMO interaction. With alkenes containing an electron withdrawing 
substituent the two possible frontier molecular orbital interactions become 
only slightly different in their energy gaps. The cycloaddition nevertheless 
generally remains dipole LUMO-alkene HOMO controlled due to the large 
polarisation of the nitrile oxide LUMO, and this leads to the predominant 
formation of 5-substituted isoxazolines i.e. 0 in position a to carbonyl. Such 
arguments are however complicated by the introduction of additional 
substituents to the alkene. Thus, methyl cinnamate, which bears reasonable 
analogy to pyrrolizin-3-one, has been shown to favour formation of 4-
methoxycarbonyl isoxazolines in its reaction with a number of nitrile oxides 
in contrast to, for example, methyl propenoate. 165 The favouring of the 4-acyl 
isoxazoline formation by nitrile oxide cycloaddition, as observed in this work 
in the regioselective formation of 188 over 189 from pyrrolizin-3-one, has, for 
the methyl cinnamate examples, been attributed to a reversal of the HOMO 
162 
coefficients of the alkene rather than to a change to dipole HOMO-alkene 
LUMO control of the reaction. 166  
In summary, the behaviour of pyrrolizin-3-one in 1,3-dipolar 
cycloaddition reactions differs from that of simple x,13-unsaturated  systems in 
the regioselectivity of its reaction with a nitrile oxide. This nevertheless may 
be the first chemical manifestation of interannular electronic interactions in 
pyrrolizin-3-ones. 
Some of the 1H and 13C NMR spectral data has been discussed during 
the discussion of the identification of 191 and 192. Of the remainder, the 
pyrrole resonances in both the 1 H and 13C spectra show a small deshielding 
<0.3 ppm and ABC Ca. 1-3 ppm) at all ring positions relative to other 
dihydropyrrolizinones, whereas the amide carbonyl carbons (C-4) are 
significantly shielded so that their resonance frequencies (8C 163.12, 164.42) 
are more akin to those of fully oxidised pyrrolizin-3-ones rather than partially 
reduced examples. The chemical shifts of the oxime carbons of 191 and 192 
(c 146.48, 150.30) are typical of isoxazolines, 167 although there does seem to 
be some sensitivity to the position of the amide substituent. The infra-red 
spectra of 191 and 192 contain several characteristic absorption bands. The 
amide carbonyl bands are at slightly higher frequency (1768 and 1763 cm -1 
respectively) than in other partially reduced pyrrolizin-3-ones, presumably 
due to some additional degree of ring strain in these tricyclic systems cf. 
simple pyrrolizinones. Bands at 1732/1716 and 1583/1571 cm -1 are typical 
of esters and aromatic rings respectively. 
The reactions of pyrroles with dienophiles such as dimethylacetylene 
dicarboxylate (DMAD) have been widely studied with 'Michael' addition of 
the pyrrole to the alkene and non-reaction being reported as the usual 
outcome.57 Nevertheless, N-acetylpyrrole has undergone a Diels-Alder 
163 
cycloaddition reaction with DMAD under both thermal and catalytic 
conditions. 168 However, the low reactivity of the pyrrole ('west') ring of 1 
was demonstrated by the lack of any reaction, including electrophilic 
substitution, with the strongly activated acetylene DMAD even under the 
most forcing conditions. 
XR 1 















In the course of investigating the reactions of pyrrolizinones, much 
data relating to the physical properties of the title compounds 160,193 and 
194 was collected. Although some of this information has been discussed in 
the preceding chapter, it has proved more convenient to discuss the majority 
of data regarding the 'north east' substituted pyrrolizonone systems in a 
separate chapter. 
1. 	INFRA-RED SPECTRA 
The foremost feature of the infra-red spectra of each of the 1-hetero-
I ,2-dihydropyrrolizin-3-ones 160 remains the characteristically high 
frequency of the carbonyl absorption bands which differ little (1765-
1740 cm-1 ) from the value for pyrrolizin-3-one (1740 cm-1).12 A slight 
increase in frequency may be observed for the 1,3-dipolar cycloaddition 
products 191 and 192, 1768 and 1763 cm-1 respectively, as mentioned 
previously. No increase was seen for the Diels-Alder adduct 189 endo. 
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2. NMR SPECTRA 
The 1H NMR spectrum of 1,2-dihydro-1-phenylthiopyrrolizin-3-one 
158 was assigned with the aid of n.O.e. experiments, as outlined in Section 
El, as was the spectrum of 2-bromo-1,2-dihydro-1-methoxypyrrolizin-3-one 
180 (Section E2). A full assignment of 1H-1H coupling constants had 
-' previously28 been established for 1-t-butylamino-1,2-dihydropyrrolizin-3-one 
155 by a series of decoupling experiments. Subsequent spectral assignments 
of dihydropyrrolizinones were carried out by inspection and analogy. 
Throughout the series of 1,2-dihydropyrrolizin-3-ones 160 there are 
few variations in the 1H NMR parameters associated with the pyrrole ring, 
the H-5/6/7 resonances generally being found at 5H  6.99-7.15, 6.43-6.60 and 
H 6.00-6.32 ppm respectively (Table 49). The presence of an electronegative 
substituent in the 2-position causes a slight deshielding of all pyrrole 
resonances, typically L\öH 0.1 ppm. H-7 is also sensitive to the character of the 
1-substituent, with X = O,Cl effecting an increase in its resonance frequency 
of MH  0.2-0.3 ppm relative to the 1-aminopyrrolizinones. Not surprisingly, 
greater variations are observed for the signals associated with the dihydro 
('east') ring, although, with only one exception (X = Cl), methylene protons 
syn to the 1-substituent all fall within the band 8H  2.8-3.0 ppm. As noted in 
the introduction, the proton anti to the substituent is more sensitive to the 
deshielding effects of the substituents than the proton syn to X, and hence its 
resonance is always found at higher frequency. The pattern of deshielding 
observed for H2anH  is more apparent for H-I and reflects the 
electronegativity of the heteroatom as would be expected. 65 Hence, H-1, 
X=C1 > X=O > X=N > X=S. Deshielding is increased by the conjugation of 
heteroatom with R, for example X=O, R=Ac. The presence of a 2-bromo-
substituent has remarkably little effect on H-I, although the deshielding 
effect by a 2-nitrile group is more substantial. 
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Table 49 	1 H NMR Chemical Shifts of 1 .2-Dihvdrovvrrolizin-3-ones 160 
Pyrrolizinone 
160 
R1 X R2  
 H-i 
5H I ppma 
H-2&' H2sc H-5 H-6 H-7 
155 t-Bu NH H 4.39 3.29 2.79 7.00 6.44 6.05 
156 (CH2 )5 N H 4.25 3.15 2.92 7.03 6.44 6.13 
157 Ph NH H 5.03 3.48 2.85 7.09 6.49 6.00 
158 Ph S H 4.73 3.45 3.01 6.99 6.43 6.00 
163 antid Ph S Me 5.21 3.75 - 7.06 6.45 5.89 
synd *• "- 4.58 3.15 7.05 
164 anti" Ph S CN 5.41 5.32 --- 7.02 6.54 6.18 
syn'' '- " 5.29 4.75 7.14 6.60 6.27 
177 - Cl H 5.37 3.63 3.21 7.05 6.50 6.26 
178 H 0 H 5.23 3.35 2.87 6.99 6.45 6.20 
176 Me 0 H 4.83 3.33 2.95 7.07 6.48 6.26 
179 Ac 0 H 5.96 3.42 2.97 7.04 6.44 6.23 
180 Me 0 Br 4.94 - 4.70 7.10 6.55 6.31 
181 Ac 0 Br 6.05 - 4.80 7.13 6.57 6.32 
Notes 
Spectra recorded in C[2H]C'3 unless otherwise indicated. 
Proton anti to 1-substituent. 
Proton syn to 1-substituent. 
Spectrum recorded in [2H6]acetone. 
Figure 41 1H-1 H Coupling Constants (Hz) for 
I -t-Butylamino-i ,2-dihydropyrrolizin-3-one 155.28 
HA-Bu 
IH 	)3.3 4:H 7.6 
	
constants 	for 	1-t-butylamino-1,2- 
dihydropyrrolizin-3-one 155 are shown in Figure 41. Couplings in the 
pyrrole 'west' ring differ little from those of the fully unsaturated system 1. 
Vicinal couplings in the 'east' ring remain typical of planar five-membered 




The 1H-1H coupling 
167 
with the 'carbonyl effect'. 169 Variations throughout the series are small. 
However, 3Jantj  does show some alterations. Where X=O its value is reduced 
by —1 Hz, and where R 2=CN its value is increased to 5.2 Hz from the usual 
value of —3 Hz. Cross-ring couplings are limited to those between H-I and 
H-7, and H-I and H-5. The former coupling is common to the majority of 1,2- 
dihydropyrrolizin-3-ones studied. Its magnitude 4h,7  0.9-1.7 Hz is typical of 
ortho benzylic couplings in heteroaromatic systems. 65'143'1 	This coupling 
has proved useful in the assignment of spectra, particularly in the 
identification of isomeric compounds (Section E.Q. As for 3Janfi' J1,7 S 
reduced slightly in magnitude for X=O. The other cross-ring coupling 
identified, 5J1,5,  was observed only for the 1-t-butylamino- and 1-phenylthio- 
compounds 155 and 158, although it is also found for pyrrolizin-3-one (see 
Introduction), and is consistent with benzylic coupling. 
The assignment of the pyrrole resonances in the 13C NMR spectra of 
160 by inspection and analogy with pyrrolizin-3-one initially appeared 
straightforward. However, examination of the 13C-1H fully coupled 
spectrum of 1-t-butylamino-I,2-dihydropyrrolizin-3-one 155 allowed the C-5 
resonance to be identified as the signal at 8 C  111.05 ppm, rather than that at 
118.54 ppm (see below) on the basis of 1Jc-H' a value in line with the 
known large values of 'IC-H  for a-positions in pyrroles. 76' 170 The aliphatic 
resonances were assigned on the basis of their multiplicity, and a full 
assignment of the 13C NMR spectrum of 155 is shown in Figure 42. The 
single bond aliphatic couplings 171 and the long range pyrrole couplings 170 
are all consistent with related and model compounds. 
The assignment of 8C  111.05 to C-5 disagrees with the assignment 
made by Bohlmann and co-workers for the fully coupled 13C NMR spectrum 
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Figure 42 (a) 	13C NMR Chemical Shifts (ppm) and 11CH  Values (Hz) 
and (b) 'Long range 13C-1H Couplings (Hz) for 155.28 
mention was made of the remarkably large pyrrole p-position C-H coupling, 
1ICH 193 Hz. Assignments of the 13C NMR spectra of the remaining 1,2- 
dihydropyrrolizin-3-ones 190 were made by analogy with the t-butylamino 
compound 155 and by DEPT p$ = pulse sequences to distinguish the 
methine (C-i) and methylene (C-2) resonances. 
There are a number of noteworthy featurin the 13C NMR spectra of 
the 1,2-dihydropyrrolizin-3-ones 190 vis a vis pyrrolizin-3-one 1 (Table 50). 
The olefin resonances have been replaced by aliphatic resonances in the 
regions BC 37-70 ppm (C-I) and 8C 38-48 ppm (C-2). C-I in particular is 
sensitive to the nature of the 1-substituent in an order similar to that outlined 
for the H-I resonance, viz c-i  X=O > X=N > X=NH - X=Cl > X=S. The 
chemical shift of C-2 is dominated by the effect of the adjacent carbonyl with 
the introduction of C-I substituents having comparatively small deshielding 
effects, i\c  2-11 ppm relative to cyclopentanone. 172 In each example, the 
carbonyl resonance is found at slightly higher frequency than in pyrrolizin-3-
ones, presumably due to removal of shielding of C-3 by enone conjugation. 
However, the chemical shift values remain firmly in line with values for N-
acylazoles.76 The effects of 2-substitution on the resonances of the 'east' ring 
169 
are in line with expected findings, 130 including the slight shielding of C-3 
observed in the 2-bromo- compound 181, 5C 164.57 ppm. 
Table SO 	1 C NMR Chemical Shifts of 1 .2-Dihvdrot,vrrolizin-3-ones 160 
Pyrrolizinone 
160 
R1 X R2 
 c-I c- 
5C / ppm 
c-3 	c-5 	C-6 c-7 c-7a 
155 t-Bu NH H 45.47 47.53 170.25 111.05 118.54 104.57 143.69 
156 (Cl-I2)5 N H 57.67 38.63 170.28 111.13 118.42 107.32 138.53 
157 Ph NH H 46.48 43.90 169.21 111.66 118.71) 105.85 140.40 
158 Ph S H 37.93 43.41 169.10 111.64 119.13 106.44 139.30 
163 sync Ph S Me 42.69 45.00 171.65 110.65 107.77 105.23 138.05 
164 antic Ph S CN 44.83 43.44 - 112.11 119.54 106.63 - 
Sync " 45.05 40.58 - 112.11 119.26 107.10 
177 - Cl H 45.72 46.57 167.64 112.48 119.74 107.83 138.36 
178 H 0 H 62.01 45.54 169.57 111.65 119.15 106.35 141.63 
176 Me 0 H 70.22 42.65 169.23 111.96 118.78 107.43 138.72 
179 Ac 0 H 63.80 42.01 168.24 112.31 119.21 108.85 137.47 
180 Me 0 Br 80.20 47.34 - 113.00 120.16 108.46 135.27 
181 Ac 0 Br 1 72.60 46.31 164.57 113.54 120.59 110.34 - 
Notes 
Spectra recorded in C[2H]C'3  unless otherwise indicated. 
Resonances at 118.79 & 118.68 ppm could not be distinguished. 
C) Spectrum recorded in [ 2H6]acetone. 
The most notable consequences of the formal reduction of the 
pyrrolone ('east') ring are the effects on the pyrrole resonances of the 'west' 
ring, namely substantial shielding of -5 and C-7, and a slight deshielding of 
C-6, relative to pyrrolizin-3-one. The bridgehead carbon (C-7a) resonances 
show a small increase in chemical shift relative to pyrrolizin-3-one (c 1.5-7 
ppm) presumably due to inductive effects of the 1-substituents. 
Examination of the LH  and 1 c NMR spectra of the 6,7-
dihydropyrroloimidazol-5-ones 193 and 194 allows identification of the 
effects of formation of the dihydro 'east' ring upon the azole and, secondly, 
the effect of modification of the azole upon the cyclopentanone ring. For the 
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compounds 194 derived from 3, conversion of the olefin to the dihydro 
system has no significant effect on the azole protons. However, deshieldings 
of both protons in 167 and 168 of A8H  0.3 ppm are observed (Table 51). 
Although this can be conveniently ascribed to increased N-acylimidazole 
character, the same ought also to be true of the analogous systems 194, and is 
contrary to the general trend observed for the related pyrrolizin-3-one 
systems 160. One possible explanation of the deshielding of the azole 
resonances of the compounds 193 could be in the proposed contribution of a 
pyridine-type resonance structure to the overall structure of 2.8  The presence 
of negative charge in the 'west' ring would be expected to shield the azole 
protons in 2. In the dihydro- species the potential for this to occur no longer 
exists. In the corresponding 13C NMR spectra (Table 52) there is a consistent 
pattern in which higher frequency azole methine resonances (sc> 130 ppm) 
are slightly deshielded and lower frequency resonances (ö c < 13Q ppm) are 
slightly shielded relative to the fully unsaturated systems. This provides a 
better picture of the effect of removal of the olefin on the azole ring than the 
1H NMR spectra, namely 	there 	is a 	reduction in normal aromatic 
delocalisation 	due to 	increased N-acylazole character of 	the 
dihydroazapyrrolizinones 193 and 194, relative to 2 and 3. 
ri1 a r,*1 	Pcc-f rf flihvdrn Tina nn Chemical Shifts of Azole Protons 
Pyrrolizinone Parent R x A8H / ppm' 
193/194 Ring  HSW Hw 	H1 
167 2 Ph S +0.29 +0.31 
168 2 (CH2 )5 N +0.33 +0.26 
171 3 (CH2)5 N -0.26 - 	+0.10 
173C 3 Ph S +0.07 - -0.10 
Notes 
Spectra recorded in [ 2H]6acetone unless otherise stated. 
Change in chemical shift relative to parent compounds 2 and 3. 
0 Spectrum recorded in C[2H]C'3- 
171 




R X A8C / lF)la 
 CW 	CNW CN CSE 
156" 1 (CH2)5 N -7.45 +3.03 	4.21 +1.67 +4.97 
158" 1 Ph S -6.99 +4.74 -5.09 +2.42 +3.79 
167 2 Ph S +1.36 -3.97 	- +1.78 +4.33 
168 2 (CH2)5 N +0.66 4.58 - +1.92 +5.36 
171 3 1  (CH2)5 N +1.89 - 	 -5.15 +3.66 +9.36 
Note 
Changes in chemical shifts noted relative to corresponding signals in spectra of parent 
pyrrolizinones 13.8 Spectra recorded in 12H61acetone for derivatives of 2 & 3, and in 
C[2H]C13 for derivatives of 1. 
R2 =H;R1 =R. 
Table 53 	Effects of Azole on Chemical Shifts of Aliphatic Protons 
of Dihvdronvrrolizinones 
Pyrrolizinone Parent - - 	 R X H I ppm" 
193 / 194 Ring  HNE HEantj HESIpI 
167 2 Ph S +0.20 +0.41 +0.12 
168 2 (CH2 )5 N +0.01 +0.27 +0.20 
171 3 (CH2)5 N -0.03 -0.14 -0.06 
173c 3 Ph S -0.01 +0.18 +0.15 
Notes 
Spectra recorded in L2H16acetone unless otherwise indicated. 
Change in chemical shift relative to analogous 1,2-dihydropyrrolizin-3-ones 156 and 158. 
C) Spectrum recorded in C[ 2H]C13. 
The effects of alteration of the azole ring upon the chemical shifts of 
the nuclei of the 'east' ring are outlined in Tables 52 and 53 Assignments of 
the 13C  NMR spectra were made with the aid of DEPT p$ = pulseLIC 
sequence experiments. 
In the 1 H NMR spectra of 160, 193 and 194, variation in the chemical 
shifts of the methine resonance FINE through both the piperidinyl and 
phenylthio series of compounds is minimal. The methylene protons HEsyn  
and HEanti  are however consistently more susceptible to changes in the azole 
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moiety, particularly HEantj which exhibits a deshielding of A8H  0.41 ppm for 
167 relative to the pyrrolizin-3-one analogue 158. Variation in the chemical 
shift of HEsyn  from the pyrrolizin-3-one analogue is always less (öH < 0.2 
ppm) than for Htj.  Deshielding of HE,  and  HNE,  has previously been seen 
in the fully oxidised azapyrrolizinones 2 and 3 relative to pyrrolizin-3-one, 
and is presumably due to the reduced amide character of acyl imidazoles 
relative to acylpyrroles. 
One anomalous structure is the adduct 171 arising from reaction of 
piperidine with 3 in which the methylene resonances are slightly shielded 
with respect to 156. In addition, the geminal coupling is some 4 Hz smaller 
than for any other related compound. 
In the 13C NMR spectra of 168 and 167, the aliphatic resonances 
broadly mirror those of the pyrrolizin-3-one systems 156 and 158. There is 
insufficient information available to draw conclusions from the apparent 
deshielding of CNE  observed for 171. As in the pyrrolizin-3-one series 160, 
the carbonyl carbons CSE  are deshielded by up to 10 ppm, and the 
bridgehead carbons CN  by 2-4 ppm relative to the parent systems. 
3. MASS SPECTRA 
The mass spectra of the 1,2-dihydropyrrolizin-3-ones 190 exhibit much 
weaker molecular ion peaks than is the norm for the fully unsaturated 
pyrrolizin-3-ones. In the majority of examples, loss of 1-substituent is the 
initial fragmentation leading with few exceptions in the generation of the 
base peak at [M-R'X(H)] (m/z = 119/120 where R2 = H). Subsequent losses of 
28 (m/z = 92) and 27 (m/z = 65) correspond to the usual sequential losses of CO 
and HCN. In the mass spectrum of the 2-bromo-1-methoxy compound 180, 
strong peaks due to competing initial losses of OMe (m/z 200/198) and HBr 
are followed by m/z 119 as base peak. 
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Study of the mass spectra of the 6,7-dihydropyrroloimidazol-5-ones 
193 and 194 is complicated, by the need to use fast atom bombardment mass 
spectrometry to allow identification of the molecular ion in certain cases, and 
by the contamination of the 'Michael'-type adduct with ring opened amide or 
thiol ester in others. Nevertheless, loss of the heteroatom group continues to 
occur as the dominant initial fragmentation, giving rise to strong peaks at m/z 
121/120. 
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C. SYNTHESIS OF 1,2-DIHYDRO-1-HYDROXY-7-
HYDROXYMETHYLPYRROLIZIN-3-ONE 
(5,7a-DIDEHYDROHELIOTRIDIN-3-ONE) 
A number of pyrrolizidine alkaloids, such as 70, containing a 1,2-
dihydropyrrolizin-3-one nucleus, have been isolated and identified since 
1977,68-74 as outlined in the introduction. The synthesis of the pyrrolizin-3-
one group with appropriate substituents, 38, has twice been reported by 
Bohlmann and co-workers. 15 ' 37 In each case the reaction sequence proceeded 
from a 2-acylpyrrole to a fully unsaturated pyrrolizin-3-one which 
subsequently underwent reduction and deprotection steps to give the desired 
product 38. 
In the first example, 15 the lactam ring was generated by ring closure 
and decarboxylation of a pyrrole malonic acid under hot acetic anhydride 
conditions. The olefin was reduced by hydrogenation and the 0-
functionality at C-I was introduced by treatment of the 1,2-
dihydropyrrolizin-3-one with the t-butyl ester of perbenzoic acid. Hydrolysis 
of the 7-benzyloxymethyl and 1-benzoate groups gave the desired diol 38. 
The yields on each step of this reaction sequence were all approximately 50% 
or less. 
The second, more efficient route to 38, also described by Bohlmann, 37 
hinged upon the application of the Bestmann reaction of a 3-
alkoxymethylpyrrole-2-carboxylate with triphenyiphosphoranylidene ketene 
to incorporate the desired 1-oxy functionality directly during lactam 
formation. Subsequent hydrogenation of the olefin and acidic hydrolysis of 
the ether protecting groups gave 38 in much better yield than previously. 
The knowledge gained during the current work about the synthesis and 
chemistry of pyrrolizin-3-ones has allowed the development of an additional 
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route to I ,2-dihydro-1 -hydroxy-7-hydroxymethyl-1 ,2-dihydropyrrolizin-3-
one 38. 
The key to the two previous syntheses of 38 has been the preparation 
of appropriate 2-acylpyrroles. In each case, the preparation of the desired 
pyrrole required some degree of functional group manipulation. In this work 
it has been demonstrated that the key to the synthesis of any pyrrolizin-3-one 
by flash vacuum pyrolysis is, analogously, the ability to prepare the 
appropriate pyrrole-2-carbaldehyde. The precursor required for the synthesis 
of the title compound 38 was therefore 3-hydroxymethylpyrrole-2-
carbaldehyde 195. Simple and efficient routes to 3-oxymethylpyrrole-2-
carbaldehydes have not previously been described. However, a number of 3-
substituted pyrrole-2-carbaldehydes have been prepared by the photolysis of 
a 4-substituted pyridine-N-oxide in aqueous copper(II) sulphate solution. 84  
This methodology was utilised previously in this thesis in the preparation of 
3-methylpyrrole-2-carbaldehyde 102 en route to the first 7-substituted 
pyrrolizin-3-one 118 to be prepared by f.v.p.. Although relatively low 
yielding, such photolyses are simple to perform, certainly in relation to the 
multi-step routes to the pyrroles required in the earlier syntheses of 38. 
Initial attempts to prepare the desired pyrrole 195 directly by 
photolysis of commercially available 4-hydroxymethylpyridine-N-oxide 196 
proved unsuccessful. Acetate protection was subsequently employed and 
allowed the photolysis of the pyridine-N-oxide 197 to proceed successfully. 
197 was conveniently prepared on a multi-gram scale in 55% overall yield by 
reaction of 4-hydroxymethylpyridine with acetic anhydride, followed by N-
oxidation of the ester through treatment with hydrogen peroxide/acetic acid 
over 12h at 80-90°C. To obtain a sufficient quantity of the aldehyde 198 it was 
necessary to perform several photolyses. The crude product was most readily 
isolated from each batch of the aqueous reaction mixture by a large scale, 
overnight, continuous extraction with methylene chloride after initial 
saturation of the solution with sodium chloride. The desired aldehyde 198 
was obtained after a single dry flash chromatographic separation of the 
combined extracts, in 20% yield. A yield of 27% was obtained when the 
photolysate was subjected to immediate work-up (Scheme 56). 
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The Knoevenagel condensation reaction of the novel pyrrole-2-
carbaldehyde 198 with Meidrum's acid was carried out under the usual 
conditions with piperidinium acetate as catalyst. Monitoring of the reaction 
by thin layer chromatography indicated that reaction was incomplete over the 
usual timespan. The reaction was taken to completion by gentle heating on a 
steam bath, and the desired condensation product 199 was isolated in 60% 
yield. This is a somewhat lower yield than is usual for the reaction. 
Subsequent attempts at this reaction over a longer period at ambient 
temperature without heating at any point afforded no improvement in the 
yield. This difficulty is presumably a consequence of steric hindrance, as a 
reduced yield was also observed for the condensation of 3-methylpyrrole-2-
carbaldehyde 102 with Meidrum's acid. 
Flash vacuum pyrolysis of 199 at 600°C produced 7- 
acetoxymethylpyrrolizin-3-one 200, in 90% yield after distillation, as a low 
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melting point solid. Removal of the acetate protecting group 173 to release the 
desired alcohol was achieved with potassium carbonate in methanol. Even 
under these relatively mild basic conditions, the base sensitive pyrrolizin-3-
one unfortunately underwent ring-opening to produce the methyl (Z)-
propenoate 201 in almost quantitative yield. Regeneration of the lactam ring 
to give the desired pyrrolizin-3-one 202 was however conveniently achieved 
by flash vacuum pyrolysis of the crude propenoate 201 at 650CC. Thus 202 
was obtained in 60% yield from 200. The removal of the acetate protecting 
group could not easily have been achieved at a later point in the synthesis as 
flash vacuum pyrolysis could not be used to re-close the ring after hydration 
of the olefin. Hence, it may subsequently prove more practical to remove the 
protecting group from the pyrrole carbaldehyde 198, or to prepare the 
propenoate derivative of 198 by Wittig olefination, followed then by 
deprotection and pyrolysis. 
The functionalisation of the olefin and introduction of the 1-hydroxyl 
group required for the synthesis of 38 was achieved in moderate yield by the 
means described for pyrrolizin-3-one in Section E.2. The feasibility of using 
this methodology had previously been established further by the treatment of 
7-acetoxymethylpyrrolizin-3-one 200 with hydrogen chloride and then water 
to give a compound which had 1 H NMR and mass spectra consistent with the 
structure 203. Thus, 7-hydroxymethylpyrrolizin-3-one 202 successfully 
underwent electrophilic addition with hydrogen chloride. The initially 
formed adduct was not purified but was treated immediately with water to 
give a lightly coloured oil which had 1H NMR parameters identical with 
published data37 and mass ..spectrum molecular ion in agreement with 
expected molecular formula for I ,2-dihydro-1 -hydroxy-7-
hydroxymethylpyrrolizin-3-one 38 (Scheme 57). 
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Although the synthesis of the target molecular 38 was achieved, work 
remains to be done on optimising, in particular, the protecting group and the 
final introduction of the 1-hydroxyl group. No stereospecific synthesis of 
either enantiomer of 38 has yet been reported. Nevertheless, the synthesis of 
5,7a-didehydroheliotridin-3-one 38 as described within this chapter does 
serve to illustrate several points regarding the synthesis and reactivity of 
pyrrolizin-3-ones. 
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Firstly, the efficient generation of otherwise poorly accessible 
pyrrolizin-3-ones by flash vacuum pyrolysis of both Meldrum's acid and 
propenoate derivatives was utilised to generate the desired bicycle from a 
simple, but previously unknown, key precursor 198. Secondly, the sensitivity 
of the N-acyl linkage to base was further demonstrated by the rapid ring 
opening of the pyrrolizin-3-one 200 during the removal of the acetate 
protecting group. The high reactivity of the olefin towards electrophilic 
addition of hydrogen chloride was exploited to effect functionalisation of the 
olefin. Finally, the lability of the 1-chloro substituent in 1,2-
dihydropyrrolizin-3-ones was pivotal in the facile introduction of the 
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A. INSTRUMENTATION 
AND GENERAL TECHNIQUES 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
1H NMR spectra were recorded at 200 MHz On a Bruker WP200 
spectrometer, unless otherwise stated. Spectra were also obtained on Bruker 
WP80 (80 MHz) and WH360 (360 MHz) instruments. Routine continuous 
wave spectra were obtained on a Jeol PMX 60S1 (60 MHz) instrument. 13C 
NMR were recorded on the Bruker WP200 (50 MHz) instrument. 
The WP200 was operated by Dr. H. McNab, Mr. J.R.A. Millar, and 
Miss H. Grant, the WP80 by Miss H. Grant, and the WH360 by Dr. D. Reed. 
Spectra were recorded in [2H] chloroform, unless otherwise stated; 
chemical shifts .(H, &) are quoted in parts per million, relative to 
tetramethylsilane, and coupling constants (I) are quoted in Hz. 
MASS SPECTROMETRY 
Low resolution electron impact mass spectra were recorded by Miss E. 
Stevenson on an A.E.I. MS902 instrument; F.A.B. mass spectra and all high 
resolution mass spectra were recorded by Mr. A. Taylor on a Kratos MS50TC 
instrument. Spectra quoted were obtained by electron impact mass 
spectrometry unless otherwise stated. 
INFRA-RED SPECTROSCOPY 
IR spectra were obtained as liquid films or nujol mulls on a Perkin 
Elmer 781 spectrometer, and latterly on a Bio-Rad SPC 3200 FTIR instrument, 
and are quoted in wavenumbers (cm-1). 
EO 
ULTRA-VIOLET SPECTROSCOPY 
UV spectra were recorded on a Unicam SP800A spectrometer. Kinetic 
studies were performed on a Varian CARY 210 instrument. The solvent used 
is indicated. Wavelengths of maxima are recorded in nm. 
ELEMENTAL ANALYSIS 
Microanalyses were obtained by Mrs. E. McDougall on a Perkin Elmer 
240 CHN Elemental Analyser, and previously on a Carlo-Erba Elemental 
Analyser, Model 1106. 
STRUCTURE DETERMINATION 
X-ray crystallographic data were obtained and refined by Dr. A.J. 
Blake 	on a Stoe STADI-4 four 	circle 	diffractometer 	with graphite 
monochromater. 
CHROMATOGRAPHY 
Thin-layer chromatography was carried out on pre-coated aluminium 
sheets (0.2 mm silica gel, Merck, grade 60) impregnated with a UV 
fluorescent indicator. 
Flash column chromatography was carried out on silica gel (Merck, 
grade 60, 230-400 mesh, 60 A), by the method of Still. 1 74 
Dry flash column chromatography was carried out on silica gel 
[(Merck, grade 60, 230-400 mesh, 60 A) or (Merck, t.l.c. grade 60)1 by the 
method of Harwood.175 
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8. 	SOLVENTS 
Commercially available solvents were used without further 
purification, except for n-hexane and ethyl acetate which were distilled for 
chromatographic purposes. Ether was generally dried sufficiently by storage 
over sodium wire; when necessary it was dried further by distillation from 
calcium hydride. All other dry solvents were obtained by storing A.R. grade 
solvent over molecular sieve (4 A). 
B. PYROLYSIS APPARATUS AND METHODS 
The apparatus used for flash vacuum pyrolysis experiments is 
illustrated in Figure 43, and is based on the design of W.D. Crow, Australian 
National University. The system is evacuated to 10-2-10-3 mbar by an 
Edwards Model EDIOO high capacity oil pump and the pressure is monitored 
between the trap and the pump. For less volatile substrates a mercury 
diffusion pump was used in series with the rotary pump (Figure 44) to 
further reduce the vacuum to a pressure of the order of 10-4-10-5 mbar. 
Experiments involve heating the substrate contained in the inlet until it is 
volatilised. A glass Büchi Kugelrohr oven is generally used for heating as it 
allows the sublimation to be monitored easily, but for temperatures 
approaching 200 °C a metal Kugelrohr oven is used. The metal oven is also 
used for larger scale pyrolyses. The volatilised substrate passes through a 
silica tube (30 x 2.5 cm). The temperature of the tube is monitored by a 
[platinum/ (platinum 13% rhodium)] thermocouple at its centre and is 
maintained at the required level by a Stanton Redcroft laboratory tube 
furnace. The estimated contact time in the hot zone is 1-10 milliseconds. The 
products are collected at the exit of the furnace in a trap surrounded by liquid 
nitrogen. The U-shaped trap shown in Figure 43 is used for pyrolyses 
involving up to ig of substrate. However, on a larger scale the volatile by-
products of the pyrolyses may block the trap and in such cases the trap 
shown in Figure 45 would be used. 
Large scale pyrolyses refer to pyrolyses on a scale of approximately I 
mmol or greater. Details of work-up are given for each example in the 
following chapters. 
Small scale pyrolyses refer to 15-50 mg of substrate, and the entire 
pyrolysate was removed in deuteriated solvent ([2H]chloroform unless 
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otherwise stated) and examined by IH NMR spectroscopy without 
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Pyrolysis parameters are quoted in the following order throughout 
this section: furnace temperature (Tf), inlet temperature (Ti), pressure (P), and 
sublimation time (t). 
C. PREPARATION OF AZOLE CARBALDEHYDES 
1. 	PREPARATION OF PYRROLE-2(5)-CARBALDEHYDES 
(a) 	Preparation of 3-Methylpyrrole-2-carbaldehyde84 
A degassed solution of 4-picoline-N-oxide (1.51 g, 14 mmol) and 
copper (II) sulphate pentahydrate (33.40 g, 0.13 mol) in deionised water (670 
ml) was irradiated by a 400 W mercury vapour lamp for a period of 6 h. A 
gentle stream of nitrogen through the solution was maintained during the 
photolysis. The reaction mixture was saturated with sodium chloride and 
extracted thoroughly with methylene chloride (5 x 500 ml). The combined 
extracts were dried (MgSO4) and evaporated. Flash chromatography (25% 
ethyl acetate/ n-hexane) of the dark brown residue gave 3-methylpyrrole-2-
carbaldehyde [0.410 g, 27% (after recrystallisation)] as a light brown solid, 
m.p. 92-94 C (from n-hexane) (lit.,84 90-92 °C); &H 10.39(1H, br s), 9.59(IH, d, 
J 0.7), 7.04 (11-1, t, J 2.4), 6.11 (IH, t, J 2.3) and 2.37(3H, s) (in agreement with 
published data 176); 8c 177.49, 133.11 (q), 129.35 (q), 126.39, 112.56 and 10.48. 
(b). Preparation of Ethyl 5-Formylpyrrole-2-carboxylate 
(i) 	Ethyl pyrrole-2-carboxylate was prepared by the Organic Syntheses 
method177 described below. 
2-(Trichloroacetyl)pyrrole:- Pyrrole (34.8 g, 0.52 mol) in sodium dried ether 
(300 ml) was added dropwise over 3 h to a well stirred solution of 
trichloroacetylchloride (99.4 g, 0.55 mol) in sodium dried ether (100 ml) 
contained in a round bottomed flask (1000 ml) fitted with a double surface 
condenser and mechanical stirrer. Upon completion of the addition, the 
mixture was stirred for a further 1 h and then potassium carbonate (44.4 g, 
im 
0.32 mol) in water (150 ml) was slowly added. The organic phase was 
separated, dried (MgSO4), and treated with charcoal. The solvent was 
removed and the residue was recrystallised from n-hexane(115 ml) to give 2-
trichloroacetylpyrrole (87.73 g, 80%) as a grey solid, m.p. 73-75 °C (lit., 177 73-
75 °C); 8H  9.89 (IH, br s), 7.40 (IH, rn), 7.18 (IH, m) and 6.11 (IH,dt, J 4.1 and 
J 2.5). 
Ethyl Pyrrole-2-Carboxylate:- 2-Trichloroacetylpyrrole (37.5 g, 0.18 mol) was 
added portionwise over 10 min to a solution of sodium ethoxide (24 mmol) 
in ethanol (150 ml) and the solution was stirred for 30 mm. After 
concentrating the solution to dryness, the oily residue was partitioned 
between ether (lOOmi) and aqueous hydrochloric acid (3M, 15 ml). The ether 
layer was collected and the aqueous layer was washed with fresh ether (60 
ml). The combined ether layers were washed with saturated aqueous sodium 
bicarbonate solution (60 ml), dried (MgSO4) and evaporated. The residue was 
distilled to give the pyrrole-2-carboxylate (16.98 g, 69%) as a pale yellow oil, 
b.p. 149-152 °C (52 torr) [lit., 177 125-128 °C (25 torr)] which crystallised on 
standing, m.p. 38-40 °C (lit., 177 40-42 °C); oH 9.52 (IH, br), 6.93 (2H, m), 6.25 
(1H, dt, 1 3.7 and 2.6), 4.33 (2H,q , 17.1) and 1.35(3H, t, J 7.1). 
(ii) Form ylation of Ethyl Pyrrole-2-carboxylate 178 
DMF (8.01 g, 0.11 mol) was mixed gradually with phosphoryl chloride 
(17.00 g, 0.11 mol) during 15 min at 10-20 °C. 1,2-Dichioroethane (25 ml) was 
added, the solution was cooled to Ca. 5 °C and was maintained at this 
temperature during the gradual addition over I h of ethyl pyrrole-2-
carboxylate (13.95 g, 0.10 mol) in 1,2-dichloroethane (25 ml). The solution was 
then heated at reflux for 15 mm, cooled to 20 C and was treated with a 
solution of sodium acetate trihydrate (75.5 g) in water (100 ml). After a 
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further 15 min at reflux, the organic layer was separated and the aqueous 
layer was thoroughly extracted with ether (3 x 100 ml). The combined organic 
layers were washed with saturated aqueous sodium bicarbonate solution 
until neutral, dried (MgSO4) and evaporated. Distillation of the dark red 
residue through a 5 cm Vigreux column gave as the first fraction, b.p. 130-132 
°C (2 torr) [lit., 178 82-86 °C (0.05 torr)], the 5-formylpyrrole-2-carboxylate 
(9.67 g, 58%), m.p. 71-73 °C (lit., 178 75 °C); 6H  10.28 OH, br s), 9.65 OH, s), 
6.91 (2H, s), 4.36 (2H, q, 3J 7.1) and 1.35 (3H, t, 3J  7.1) (in agreement with 
published data 179); &c 180.30, 160.30 (q), 134.35 (q), 128.50 (q), 119.55, 115.41, 
61.99 and 14.09. Residue remaining after collection of required fraction had 
1H NMR spectrum (60 MHz) consistent with ethyl 4-formylpyrrole-2-
carboxylate. 
(iii) Hydrolysis of Ethyl 5-Formylpyrrole-2-carboxylate 
The ester (1.69 g, 10 mmol) in ethanol (45 ml) was treated with 
aqueous sodium hydroxide (5M, 10 ml) and the solution was heated at reflux 
for 5 h. The ethanol was removed and the resultant pink solid was taken up 
in water (17 ml). The solution was acidified with aqueous sulphuric acid (2M, 
17 ml) and, after chilling the solution on ice for 30 mm, a dark brown 
crystalline solid was collected by filtration. This was washed with the filtrate, 
then with fresh ice-water, and finally it was dried in vacuo to give 5-
formylpyrrole-2-carboxylic acid (1.17 g, 84%), m.p. 205-206 °C (decomp.) 
(from water) (lit.,180 202-203 °C); 8H  12.90 (IH, br s), 9.69 (IH, s), 6.95 (IH, 
dd, 1 3.9 and 2.3), 6.84 (1 H, dd, 1 3.7 and 2.3) and Ca. 5.5 (br); 8C 181.29, 161.37 
(q), 135.17 (q), 128.97 (q), 116.34 and 115.35; m/z 139 (M+, 100%), 120 (76), 93 
(27), 65 00) and 39 (18). 
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PREPARATION OF IMIDAZOLE-2-CARBALDEHYDE 
Imidazole-2-carbaldehyde was prepared by the Organic Syntheses89 
method. Melting point, 197-200 °C (ljt.,8 9 206-207 C) and IH NMR spectrum 
(60 MHz, [2I-I]DMSO) were identical with an authentic sample. 
PREPARATION OF IMIDAZOLE-4(5)-CARBALDEHYDES 
The imidazole-4(5)-carbaldehydes were prepared by oxidation of the 
appropriate 4(5)-hydroxymethylimidazoles. 
(a) 	The following alcohols were used:- 
4-Hydroxyinethylimidazole was obtained as the hydrochloride salt by 
the Organic Syntheses method.18 1  
4-Hydroxyinethyl-5-methylimidazole was commercially available as 
the hydrochloride salt. 
2-Substituted-4-hydroxymethyl-5-methylimidazoles were prepared by 
a modification of the method of Jacquier.91 
4-Hydroxymethyl-2,5-dimethylimidazole:- 2,3-Butanedione was added to a 
solution of acetamidine hydrochloride (10.07 g, 0.11 mol) dissolved in the 
minimum amount of water. The mixture was stirred at room temperature for 
4 h, it was then neutralised with aqueous sodium hydroxide (2M) and was 
set aside overnight. The white precipitate which appeared was collected by 
filtration and was washed with acetone. The solid was added to aqueous 
hydrochloric acid (5M, 80 ml) and the solution was heated at reflux for 3 h. 
After allowing the solution to cool the water was removed. The white solid 
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which remained was washed with acetone and dried in vacuo to give 4-
hydroxymethyl-2,5-dimethylimidazole hydrochloride (9.86 g, 57%), m.p. 228-
229 °C (from methanol) (lit., 91 225 °C); oH ([2H6]DMSO) 14.35 (1H, br s), 14.09 
(IH, br s), 4.36 (2H, s),2.48 (3H, s) and 2.16 (3H, s) (in agreement with 
literature data 91 ). 
4-Hydroxymethyl-5-methyl-2-phenylimidazole:- Benzamidine hydrochloride 
hydrate (7.85 g, 50 mmol) was dissolved in the minimum amount of water 
(37 ml), 2,3-butanedione (4.37 g, 51 mmol) was added and the solution was 
stirred at room temperature for 31/4  h. The white precipitate which formed 
was filtered and washed thoroughly with acetone. The solid was heated at 
90-100 °C in aqueous hydrochloric acid (5M, 25 ml) for 2 1 /2 h, during which 
time the solid dissolved. After the solution had cooled, it was neutralised 
with saturated aqueous sodium bicarbonate solution. The water was 
removed under vacuum and the solid residue was extracted thoroughly with 
ethanol (4 x 150 ml). 'Evaporation of the combined extracts gave 4-
hydroxymethyl-5-methyl-2-phenylimidazole (5.98 g, 63%), as a white solid, 
m.p.196-198 C (from methanol) (lit.,9 1 203-205 C); 0H ([2H 6]DMSO) 7.91 (2H, 
d, 3J 7.4), 7.44-7.24 (3H, m), 4.41 (2H, s) and 2.20 (3H, s); 0c ([2H6]DMSO) 
(two quaternaries missing) 143.19 (q), 130.81 (q), 128.54, 127.41, 124.30, 54.56 
and 10.68. 
(b) 	Generation of Free Base 
Where the 4-hydroxymethylimidazole was obtained as its 
hydrochloride salt, the free base was generated by firstly dissolving the salt 
in water, making the solution alkaline with sodium bicarbonate and 
removing the water under vacuum. Thorough extraction of the residue with 
ethanol and evaporation of the combined extracts gave the free 4- 
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hydroxymethylimidazoles. The following free bases were generated by this 
means and were used immediately in the oxidation:- 4- 
hydroxymethylimidazole; 4-hydroxymethyl-5-methylimidazole and 4- 
hydroxymethyl-2,5-dimethylimidazole, 5H ([2H6]DMSO) 4.26 (2H, s), 2.17 
(3H, s) and 2.04 (3H, S);.  BC ([2H6]DMSO) (two quaternaries missing) 141.32 
(q), 54.27, 13.51 and 10.44. 
(b) 	Oxidation9O 
A solution of the appropriate hydroxymethylimidazole (13 mmol) in 
1,4-dioxane (75 ml) was heated at reflux with manganese dioxide (0.13 mol) 
for I h (unless otherwise stated). The hot solution was then filtered through 
celite and the solids were washed thoroughly with hot 1,4-dioxane. The 
combined filtrate and washings were evaporated to dryness to give the 
imidazole-4-carbaldehyde. The material isolated was pure enough for further 
use. 
The following compounds were prepared using this procedure: 
imidazole-4--carbaldehyde (28%), m.p. 174-175 °C (lit.,90 174-175 °C); 8H  (60 
MHz, [2H6]DMSO)  identical with authentic sample: 5-methylimidazole-4-
carbaldehyde (45%), m.p. 159-160 °C (lit., 182 167 °C); oH ([2H6]DMSO) 9.78 
(1H,$), 7.75 (1H,$) and 2.44 (3H, d, 1<1); 0c ([2H6]DMSO) (all resonances very 
broad) 184.8, 139.5-136.5 and 11.1: 2,5-dimethylimidazole-4-carbaldehyde 
(21 /2 h, 61%), m.p. 159-160 C (from toluene) (lit., 183 159-161 °C);OH 
([2H6]DMSO) 9.66 (IH, s), 2.37 (3H, s) and 2.27 (3H, s); 0c ([2H6]DMSO) (one 
quaternary missing) 184.84 (br), 147.35 (q, br), 131.46 (q, br), 13.38 and 11.22: 
5-methyl-2-phenylimidazole-4-carbaldehyde (58%), m.p. 154-154.5 C 
(decomp.) (from water) (lit., 183 156-158 'C); 0H  9.75 (1H,$), 8.01-7.96 (2H,m), 
7.37-7.34 (3H, m) and 2.50 (3H, s); 0c (two peaks missing) 150.00 (q), 130.90 
(q), 129.97, 128.76, 128.49, 126.22 and 12.34. 
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D. INVESTIGATION OF THE SCOPE OF 
PYRROLIZIN-3- ONE AND PYRR0L0F1,2-c1IMIDAZ0L-
5-0NE FORMATION FROM 5-AZOLYLIDENE 
2,2-DIMETHYL-1,3-DIOXANE-4.6-DIONES 
1. 	PREPARATION OF 5-(AZOLYLIDENE)-2,2-DIMETHYL- 1,3- 
DIOXANE-4,6-DIONES 
Method (a) 
2,2-Dimethyl-1 ,3-dioxane-4,6-dione (Meidrum's acid) (5 mmol), 
piperidine (5 drops) and glacial acetic acid (5 drops) were added to the 
pyrrole carbaldehyde (5 mmol) in the minimum amount of toluene or to the 
imidazole carbaldehyde (5 mmol) previously dissolved by heating in the 
minimum amount of benzene. The solution was stirred overnight at room 
temperature, unless otherwise stated. The solvent was removed under 
vacuum and the orange or yellow solid remaining was conveniently washed 
and recrystallised from ethanol. Alternatively, any solid which appeared was 
collected by filtration, washed with the filtrate, and then with a little fresh 
solvent, before being dried in vacuo. 
The 	following 	5-azolylidene-2,2-dimethyl-1 ,3-dioxane-4,6-dione 
derivatives were prepared by this method. The aldehyde used is indicated. 
543-methylpyrrol-2-ylidene)- (3-methylpyrrole-2-carbaldehyde) (steam bath, 4 
h, 76%) m.p. 170.5-172 C (from ethanol) (Found: C, 61.05; H, 5.7; N, 6.10. 
C12H13N04 requires C, 61.3; H, 5.55; N, 5.95%); Vma x. 3289, 1722, 1681 
and 1559; oH 8.27 (IH,$), 7.33 (1H, t, 31 2.9), 6.33 (IH, td, 3J  2.9 and J 0.7), 
2.37 (3H, s) and 1.73 (6H,$); 0c 164.61 (q), 141.07 (q), 139.41, 131.75, 
127.18 (q), 115.10, 103.87 (q), 97.86 (q), 29.51 and 26.97; m/z 235 (M+, 42%), 
177 (19), 133 (56), 105 (100), 104 (46), 78 (15), 51 (13) and 43 (15): 
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5-(2-ethoxycarbonylpyrrol-5-ylidene) (ethyl 5-formylpyrrole-2-carboxylate) (98% 
after trituration with n-hexane) m.p. 166-168 C (from ethanol) (Found: C, 
57.1; H, 5.2; N, 4.65. C12H13N04 requires C, 57.35; H, 5.15; N, 4.8%); Vmax. 
3200, 1715, 1695 and 1560; 8H  12.89 (1 H, br s), 8.27 (IH,$), 7.01 (2H, apparent 
d), 4.40 (2H, q, 3J 7.2), 1.77 (6H, s) and 1.40 (3H, t, 3J  7.2); öc 163.31 (q), 163.14 
(q), 159.39 (q), 143.78, 131.98 (q), 129.61 (q), 128.18, 116.78, 105.18 (q), 104.67 
(q), 61.47, 27.27 and 14.09; m/z 293 (M+, 90%), 235 (83), 191 (89), 163 (50), 146 
(90), 119 (100), 91 (31), 63 (26), 43 (38) and 39 (16): 542,5-dimethylimidazol4-
ylidene)- (2,5-dimethylimidazole-4-carbaldehyde) (98%) m.p. 209-211 °C 
(decomp.) (from toluene) (Found: C, 57.6; H, 5.65; N, 11.15. C2H14N204 
requires C, 57.6; H, 5.65; N, 11.15%); V max. 3220 (weak), 1730, 1690 and 1575; 
H 12.61 (IH, br s), 8.24 (IH, s), 2.52 (3H, s), 2.49 (3H, s) and 1.73 (6H, s); Sc 
164.22 (q), 163.63 (q), 160.48 (q), 153.12 (q), 138.78, 124.81 (q), 104.29 (q), 
100.15 (q), 27.09, 14.91 and 13.65; m/z 250(M+, 21%), 192 (17), 148 (39), 120 
(11), 107 (56), 79 (100), 52 (26) and 42 (23): 542-phenyl-5-tnethylimidazo14-
ylidene)- (2-phenyl-5-methylimidazole-4-carbaldehyde) (93%) m.p. 190-192 °C 
(from ethanol) (Found: C, 65.4; H, 5.2; N, 8.95. C17H16N204 requires C, 65.4; 
H, 5.15; N, 8.95%); Vmax. 3180 (weak), 1735, 1690 and 1550; 5F1  13.38 (IH, br 
s), 8.30 (IH, s), 7.98 (2H, rn), 7.47 (3H, m), 2.38 (3H, s) and 1.76 (6H, s); Sc 
164.56 (q), 163.59 (q), 161.12 (q), 152.60 (q), 138.43, 131.23, 129.08, 127.45 (q), 
126.47, 125.88 (q), 104.42 (q), 100.15 (q), 27.12 and 13.87; m/z 312(M+, 42%), 
210 (100), 107 (40), 104 (30),79 (72), 52 (20) and 43 (15). 
5-(2-carboxypyrrol-5-ylidene)-2,2-dimethyl-1 ,3-dioxane-4,6-dione was also 
prepared by method (a). However, a modified workup was requifed. After 
stirring the reaction mixture [5-formylpyrrole-2-carboxylic acid (0.77 g, 5.5 
mmol), Meidrum's acid (0.81 g, 5.6 mmol), toluene (75 ml), piperidine (6 
drops) and glacial acetic acid (6 drops)] at room temperature for 20 days, a 
sticky brown solid was obtained by evaporation. Purification was achieved 
by continuous extraction of an aqueous solution of the crude product with 
methylene chloride over 5 h. Drying (MgSO4) and evaporation of the extract 
gave the condensation product (0.78 g, 54%) as a yellow solid, decomp. at 180 
°C (from acetone/water) (Found: C, 54.4; H, 4.30; N, 5.15. C12H11N206 
requires C, 54.35; H, 4.2; N, 5.3%); Vmax.  3100-2600 (br), 1738, 1700, 1685 and 
1574; 8H  12.79 (IH, br s), 8.36 (IH, s), 7.58 (IH, dd, 4J  4.1 and 3J  2.2), 6.98 (IH, 
dd, 4J  4.0 and 3J 2.1) and 1.72 (6H, s); 6c 162.77 (q), 162.08 (q), 160.75  (q), 
143.17, 131.81, 129.71 (q), 126.84 (q), 116.45, 106.15 (q), 104.40 (q) and 26.78; 
m/z 265 (Mi, 38%), 207 (57), 190 (13), 163 (100), 146 (15), 119 (51), 91(49), 63 
(27) and 43(47). 
ii-t 
5-Methylimidazole4-carbaldehyde (1.09 g, 10 mmol) in the minimum 
amount of pyridine (20 ml) was treated with 2,2-dimethyl-1,3-dioxane-4,6-
dione (Meidrum's acid) (1.46 g, 10 mmol). The precipitate which appeared 
after approximately 2 h was collected. A further crop of product was 
collected after 22 h. Washing of the solids with water and drying in vacuo 
gave 5-(5-methylimidazol4-ylidene)-2,2-dimethyl-1 ,3-dioxane-4,6-dione (1.00 g, 
43%) as a pale yellow solid, m.p. 218-220 °C (from ethanol) (Found: C, 55.7; 
H, 5.1; N, 11.9. C11H12N204 requires C, 55.95; H, 5.1; N, 11.85%); Vmax. 3300, 
1730, 1690 and 1580; 8H  8.35 (IH,d, 11.0), 7.93 (1H, s), 2.53 (3H, s) and 1.76 
(6H, s); 6c 163.91 (q), 163.29 (q), 158.81 (q), 141.56, 139.90, 124.11 (q),  104.59 
(q), 102.06 (q), 27.18 and 13.75; m/z 178 [(M+ -58), 14 %], 134 (40), 106 (32), 79 
(100), 52 (28) and 43 (28). 
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2. 	PYROLYSIS OF 5-(AZOLYLIDENE)-2,2-DIMETHYL- 
1,3-DIOXANE-4,6-DIONES 
The appropriate 5-(azolylidene)-2,2-dimethyl-1 ,3-dioxane-4,6-dione 
derivatives underwent pyrolysis by the method described in Section B. Upon 
completion of the pyrolysis the trap was allowed to warm to room 
temperature under an atmosphere of nitrogen. The brightly coloured product 
was taken up in acetone and the solution was removed from the trap. 
Evaporation of the solvent gave the pyrrolizin-3-one or pyrrolo[1,2-
c]imidazol-5-one which was then subjected to bulb to bulb (Kugelrohr). 
distillation. Where distillation was not possible, samples were generally of 
sufficient purity to give satisfactory elemental analyses. 
The following pyrrolizin-3-ones and pyrrolo[l ,2-c]imidazol-5-ones 
were obtained by pyrolysis. The 5-(azolylidene)-2,2-dimethyl-1 ,3-dioxane-
4,6-dione substrate and pyrolysis parameters are quoted: 5-methylpyrrolizin-
3-one [5-(5-methylpyrrol-2-ylidene) 28 (0.578 g, 2.5 mmol)] (Tf 600 °C, Ti 130-
140 P 0.005 mbar, t 45 mm) (0.285 g, 87%), b.p. 91-95 °C (21 torr) [lit., 28 
102 °C (12 torr)]; V max. 1730 and 1585; 8H  (80 MHz) 7.02 (1H, d,3J 5.7), 5.88 
(1H, d, 3J  3.1), 5.66 (IH, rn), 5.59 (IH, d, 3J 5.8) and 2.29 (3H, d,J 0.9):. 7-
methylpyrrolizin-3-one [5-(3-methylpyrrol-2-ylidene) (0.236 g, 1.0 mmol)] (Tf 
600 °C, Ti140-160 °C, P 0.004 mbar, t I h) (0.110 g, 82%), b.p. 64-66 °C (0.4 
ton) (Found:M+ 133.0533. C8H7NO requires M+ 133.0528); Vmax.  1738 and 
1526; si-i  7.05 (IH, d,3J 5.8), 6.81 (IH, m, 3J 3.2 and 5J 0.5), 5.80 (1H, d, 3J 3.2), 
5.56 (IH, d, 3J 5.8) and 1.98 (3H, d,5J 0.5); öc 165.66 (q), 136.69, 134.08 (q), 
123.98 (q), 120.54, 119.18, 117.62 and 11.03; m/z 133 (M+, 100%), 128 (13), 105 
(32), 104 (71), 79 (12), 78 (18), 52 (15), 51 (20) and 39 (5): ethyl 3-oxo-pyrrolizine-
5-carboxylate [5-(2-ethoxycarbonylpyrrol-5-ylidene) (0.293 g, 1.0 mmol)] (Tf 
550 °C, Ti 150-170 O  P 0.002 mbar, t I h 40 mm) (0.132 g, 69%) b.p. 65-67 °C 
(0.2 ton) (Found: M+ 191.0579. C10H9NO3 requires M+ 191.0582); Vnx. 1750 
W. 
and 1710; oH 7.12 (1H, d,3J 6.0), 6.78 (IH, dd, 3J  3.4 and 6J  0.7), 6.01 OH, d, 3J 
3.4), 5.80 (IH, d, 3J  6.0 and 6J  0.7), 4.30 (2H, q, 3J 7.1) and 1.33 (3H, t, 3J 7.1); & 
163.43 (q), 158.72 (q), 141.68 (q), 136-70,126.15 (q), 124.10, 123.84, 109.45, 60.84 
and 14.08; m/z 191 (M+, 100%), 163 (18), 146 (75), 119 (35), 91 (13) and 63 (10): 
1-methylpyrrolol1 ,2-climidazol-5-one [5-(5-methylimidazol-4-ylidene) (0.348 g, 
1.5 mmol)I (Tf 650 'C, Ti 120-130 °C, P 0.003 mbar, t 2 h) (0.182 g, 92%), b.p. 
48-50 °C (0.1 torr), m.p. 108-109 °C (Found: C, 62.9; H, 4.55; N, 20.8. C7H6N20 
requires C, 62.7; H, 4.45, N, 20.9%); )max./  1,4-dioxane (E) 288 (5030) and 381 
(2670); Vmax. 1735 and 1620; oH  7.66 (IH, s), 7.26 (IH, d, 3J 5.9), 5.80 (IH, d, 
3J 6.0) and 2.17 (3H, s); 0c 162.65 (q), 137.62, 137.59 (q), 134.30, 131.20 (q), 
121.73 and 12.95; m/z 134 (M+, 100%), 106 (5), 105(7), 93 (5) and 79 (26): 1,3-
dimethylpyrrolol1 ,2-cJimidazol-5-one [5-(2,5-dimethylimidazol-4-ylidene) (0.137 
0.55 mmol)] [Tf 650 C, Ti100-120 °C, P 1-4 x 10-4 torr (diffusion pump), t 2 
residue 0.075 g]  (0.044 g, 51%), decomposed on attempted distillation, m.p. 
60-63 C (decomp.) (Found: C, 61.3; H, 5.75; N, 17.8. C8H8N20.1/ 2H20 
requires C, 61.15; H, 5.75, N, 17.85%); ?L/ 1,4-dioxane (e) 281 (4140) and 
394-395 (2530); OH  7.21 (1 H, d,3J 5.8), 5.69 (1 H, d, 3J 5.8), 2.45 (3H, s) and 2.13 
(3H, s); & 163.57 (q), 147.92 (q), 136.91 (q), 136.50, 131.01 (q), 120.82, 13.62 
and 12.77; m/z 148 (M, 100%), 119 (6), 107 (14), 79 (73), 66 (2), 64 (3), 52 (22), 
42 (9) and 38 (17): 1-methyl-3-phenylpyrrolo[1,2-ciimidazol-5-one [5-(5-methyl-2-
phenylimidazol-4-ylidene) (0.333 g, 1.1 mmol)] (Tf 650 C, Ti120-160 °C, P 
0.005 mbar, t 2 h 30 mm, residue 0.104 g) (0.097 g, 43%), b.p. 85-90 °C (0.1 
torr), m.p. 103-105 C (Found: C, 74.25; H, 4.75; N, 13.25. C13H0N20 requires 
C, 74.3; H, 4.75, N, 13.35%); ?. max./1,4dioxane (e) 253(18400), 295 (5910) and 
425 (4660); Vmax. 1735 and 1615; OH  8.37-8.31 (2H, m), 7.48-7.43 (3H, m), 7.27 
(1H, d, 3J  5.8), 5.76 (IH, dq, 3J  5.9 and 6J < 0.5) and 2.22 (3H, d, 6J < 0.5); 0c 
(one quaternary missing) 163.42 (q), 149.96 (q),.137.98 (q), 136.21, 133.19 (q), 
131.12, 128.26, 127.53, 120.84 and 13.06; m/z 210 (M+, 100%), 181 (3), 140 (8), 
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107 (36), 104 (24),79 (86), 77 (14), 70 (11), 52 (8) and 38 (14). 
Upon completion of the pyrolysis of 5-(2-carboxypyrrol-5-ylidene)-2,2-
dimethyl-1,3-dioxane-4,6-dione (0.132 g, 0.5 mmol) (Tf 590 °C, Ti 180-200 °C, 
P 0.003 mbar, t 2 h) the trap was allowed to warm to room temperature and 
the solid was scraped from the trap with a microspatula to give 3-oxo-
pyrrolizine-5-carboxylic acid (0.042 g, 52%, residue 0.011 g), m.p. 103-105 °C 
(Found: M+ 163.0269. C8H5NO3 requires M+ 163.0269); V max. 3150-2500 (br), 
1760 and 1690; oH ([2H6]acetone) 7.51 (IH, d, 3J 5.9), 6.87 (IH, dd, 3J  3.4 and 
6J 0.7), 6.28 (IH, d, 3J 3.4) and 5.98 (1H, dd, 3J  5.9 and 6J  0.7); 0c 165.07 (q), 
157.34 (q), 140.95 (q), 138.15, 126.16 (q), 124.33, 122.48 and 110.28; m/z 163 
(M, 100%), 146 (14), 119 (29), 91 (62), 90 (19) ,89 (20), 64 (41), 63 (53),62 (18), 
52 (16), 40 (27), 39 (27) and 38 (25). A small amount of pyrrolizin-3-one was 
also observed in the 1 H NMR spectrum of the crude pyrolysate, but it was 
not isolated or characterised further. 
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E. INVESTIGATION OF THE MECHANISM AND SCOPE 
OF PYRROLIZIN-3-ONE, PYRROLOF1,2-a1IMIDAZOL-5- 
• ONE AND PYRROLOE1,2-c1IMIDAZOL-5-ONE 
FORMATION FROM 3-(AZOLYL)PROPENOIC ACID 
ESTERS 
1. 	PREPARATION OF 3-(AZOLYL)PROPENOIC ACID ESTERS 
Method (a) 
A solution of the appropriate azole-2(4)-carbaldehyde and ylide in 
dry benzene was heated at reflux under nitrogen for the time stated. The 
solvent was removed and, unless otherwise stated, the products were 
obtained by dry flash chromatography of the residue. The following 34azol-
2-yl)propenoates were obtained by this means. The aldehyde and ylide, 
reaction time, volume of solvent and the eluent used in the chromatographic 
separation are quoted. methyl 3-(pyrrol-2-yl)propenoate [pyrrole-2-
carbaldehyde (0.213 g, 2.2 mmol), methyl (triphenyiphosphoranylidene)-
acetate (0.813 g, 2.4 mmol), 20 ml, I h, sublimation] (0.236 g, 78%, ratio E : Z 
= 90: 10), m.p. 93.5-94.5 °C [from toluene/ light petroleum (b.p. 60-80 °C)] 
(lit.,94 103 °C); ?.max./EtOH (e) 260-265 (6760) and 330 (22900); oH (minor 
stereoisomer in brackets) 8.81 (IH, br s) [12.22 (IH, br s)],  7.56 (1H, d, 3115.9) 
[6.77 (IH, d, 3112.5)], 6.93 (IH, m, 3J  3.9 and 4J  2.6) [7.01 (1H, br a)], 6.56 
(IH, m, 3J  3.7) [6.52 (IH, m)], 6.27 (IH, m, 3J  3.6 and 4J  2.5) [6.27 (1H, dt, 3J 
3.5 and 4J  2.5), 6.00 (IH, d, 3J  15.9) [5.53 (IH, d, 3J  12.4)] and 3.77 (3H, s) 
[3.77 (3H, s)1 (in agreement with literature data);9 4,184  O  (minor stereoisomer 
in brackets) 168.01 (q) [169.50 (q)], 134.30 (134.77), 128.20 (q) [128.94  (q)], 
122.30 (122.90), 114.32 (118.62), 110.83 (110.05), 110.61 (106.98) and 51.39 
(51.47): ethyl (E)-2-methyl-3-(pyrrol-2-yl)propenoate [pyrrole-2-carbaldehyde 
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(0.201 g, 2.1 mmol), ethyl 2-(triphenylphosphoranylidene)propañoate (1.01 g, 
3.0 mmol), 25 ml, 4 h, ethyl acetate/n-hexane] (0.366 g, 97%), m.p. 78-79 C 
[from light petroleum (b.p. 60-80 °C)] (lit., 184 79-80 °C); Vmax.  3290, 1680 and 
1630; oH 8.78 (IH,br s), 7.57 (IH, s), 6.94 (IH, td, 3J  2.7 and 41 1.3), 6.54 (IH, 
apparent s), 6.34 (1 H, m, J 2.6), 4.25 (2H, q, 3J 7.1), 2.16 (3H, d, J 1.1) and 
1.33 (3H, t, 3j 7.1); 0c 168.97 (q), 128.87 (q), 128.50, 121.03 (q), 120.82, 113.55, 
110.76, 60.54, 14.20 and 13.89 (all spectral data in agreement with published 
data184): ethyl (Z)-2-methyl-3-(pyrrol-2-yl)propenoate (9 mg, 2%), oil; 8H 
11.99 (1H, br s), 6.92 (1H, br d, J 1.5), 6.73 (IH, br s), 6.39 (IH, br d, J 1.7), 
6.24 (1H, dt, 3J  3.5 and 4J 2.5), 4.25 (2H, q, 3J 7.1), 2.06 (3H, d, J 1.2) and 
1.33 (3H, t, 3J 7.1); 8c (three quaternaries missing) 132.33, 121.30, 117.09, 
109.44, 60.47, 21.74 and 14.08 (all spectral data in agreement with published 
data1 84): ethyl (E)-3-(imidazol4-yl)-2-methylpropenoate [imidazole-4- 
carbaldehyde (0.190 g, 2.0 mmol), ethyl 2-
(triphenylphosphoranylidene)propanoate (0.910 g, 2.5 mmol), 20 ml, 4 h, 
acetone! methylene chloride] (0.253 g, 72%), m.p. 128.5-129.5 ,C (from 
toluene) (Found: C, 59.6; H, 6.75; N, 15.4. C9H12N202 requires C, 60.0; H, 
6.70; N, 15.55%); V max. 1710 and 1640; OH  7.72 (IH, s), 7.63 (IH, s), 7.30 (IH, 
s), 4.22 (2H, q, 3J 7.1), 2.19 (3H, d, J 0.8) and 1.29 (3H, t, 3J  7.1); 0c 168.67 
(q), 135.94, 134.14 (q), 128.93, 125.19, 123.12 (q), 60.75, 14.27 and 14.14; m/z 
180 (M+, 51%), 134 (38), 106 (100), 80 (29) and 53 (44): ethyl (E)-342,5-
dimethylimidazol4-yl)-2-methylpropenoate [2,5-dime thylimidazole-4-
carbaldehyde (0.152 g, 1.2 mmol), ethyl 2-(triphenylphosphoranylidene)-
propanoate (0.629 g, 1.8 mmol), 20 ml, 4 h, acetone/ methylene chloride] 
(0.187 g, 73%), m.p. 141143 °C (Found: C, 63.4; H, 7.55; N, 13.7. C11H16N202 
requires C, 63.45; H, 7.75; N, 13.45%); Vmax.  3480, 1670 and 1640; 0H  9.14 (1H, 
br s), 7.43 (IH, q, J 1.1), 4.19 (2H, q, 3J 7.1), 2.32 (3H, s), 2.22 (6H, s) and 1.28 
(3H, t, 317.1); öc 169.31 (q), 145.02 (q), 134.70 (q), 129.12 (q), 127.16, 121.66 
202 
(q), 60.44, 14.15, 13.87, 13.64 and 10.81; m/z 208 (M, 100%), 163 (38), 162 (77), 
135 (24), 134 (48), 133, (43), 94 (23), 93 (27), 63 (31), 52 (10) and 42 (31). 
In the preparation of certain examples of the title compounds, low 
solubility of the aldehyde in benzene necessitated the use of dry pyridine as 
solvent. Each aldehyde was dissolved in pyridine by heating and the solution 
was allowed to cool before addition of the ylide; the usual work-up 
procedure was followed, ethyl (E)-3-(imidazol-2-yl)-2-methylpropenoate 
[imidazole-2-carbaldehyde (0.243 g, 2.5 mmol), ethyl 2-
(triphenylphosphoranylidene)propanoate (1.03 g, 2.8 mmol), 12.5 ml, I h, 
ethyl acetate/n-hexane] (0.350 g, 77%), m.p. 155-156.5 C (from toluene) 
(Found: C, 59.6; H, 6.6; N, 15.6. C9H12N202 requires C, 60.0; H, 6.65; N, 
15.6%); Vma, 3120, 1700 and 1640; 8H ([2H6]DMSO) 12.48 (IH, br s), 7.39 (IH, 
q, 4J 1.3), 7.30 (IH, br s), 7.17 (IH, br s), 4.19 (2H, q, 3J 7.1), 2.37 (3H, d, 4J 
1.3) and 1.26 (3H, t, 3J 7.1); &2 ([2H6]DMSO) 167.68 (q), 143.27 (q), 130.65, 
127.12 (q), 124.76, 118.11, 60.37, 14.10 and 13.95; m/z 180 (M, 68%),135 (37), 
106 (100), 80 (7), 53 (15), 42 (12) and 39 (12): methyl 34pyrazol-3-y0propenoate 
[pyrazole-3-carbaldehyde (0.248 g, 2.4 mmol), 185 methyl 
(triphenylphosphoranylidene)acetate (0.85 g, 2.5 mmol), minimum amount 
pyridine, 3 h, ethyl acetate! n-hexanel (overall yield 0.233 g, 60%, ratio E : Z 
= 79 : 21), methyl (E)-34pyrazol-3-yl)propenoate, m.p. 75-76.5 C [from toluene/ 
light petroleum (b.p. 40-60 'C)] (Found: C, 55.25; H, 5.35; N, 18.4. C7H8N202 
requires C, 55.25; H, 5.25; N, 18.4%); Vmax,  3160, 1715, 1650 and 1540; oH 
11.68 (IH, br s), 7.70 (1H, d, 3J  16.2), 7.59 (IH, d, 3J  2.4), 6.56 (IH, d, 3J  2.3), 
6.43(IH, d, 3J 16.1) and 3.79 (3H, s); 0c 167.15 (q), 135.11, 132.14, 132.02(q), 
119.06, 104.83 and 51.59; m/z 152 (M, 66%), 121 (100), 93 (27), 66 (8) and 39 
(33): methyl (Z)-34pyrazol-3-yl)propenoate, m.p. 46-50 C (Found: M 152.0581. 
C7H8N202 requires M 152.0586); OH  7.57 (IH, d, 3J  1.6), 6.80 (1H, d, 3J 
12.7), 6.45 (1H, d, 3J  1.7), 5.88 (IH, d, 3J 12.7) and 3.78 (3H, s); 0c 168.15 (q), 
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139.53, 137.36 (q), 130.35, 115.48, 111.16 and 51.93; m/z 152 (M+, 78%), 121 
(100), 111 (10), 93 (33), 67 (27), 57 (35), 43 (42) and 39 (23). 
In the reaction of imidazole-2-carbaldehyde (0.49 g, 5.1 mmol) with 
methyl (triphenylphosphoranylidene)acetate (1.74 g, 5.2 mmol) in pyridine 
(10 ml) over I h a modified work-up was used. After thorough removal of the 
solvent, the residue was taken up as much as possible in methylene chloride 
(2 ml). Filtration gave a solid which was washed with a little fresh methylene 
chloride and identified as methyl (E)-34imidazol-2-yl)propenoate ( 0.294 g, 38%), 
m.p. 210-212 °C (from water) (Found: C, 54.7; H, 5.35; N, 18.2. 
C7H8N202.0.1H20 requires C, 54.6; H, 5.35; N, 18.2%); X./EtOH (e) 224 
(sh) and 306 (13500); Vmax. 1710, 1650 and 1560; 8H ([2H6]DMSO) 12.69(1H, 
br s), 7.42 (IH, d, 31 16.0), 7.24 (2H, s), 6.57 (IH, d, 3J 16.0) and 3.72 (3H, s); 
6c ([2H6]DMSO) 166.44 (q), 142.52 (q), 132.66, 124.76, 117.01 and 51.43; m/z 
152 (M+, 89%),121 (72), 120 (100), 93 (80), 92 (22), 52 (9), 42 (30) and 39 (18). 
After the combined filtrate and washings had been evaporated to dryness, 
the residue was taken up in ether (10 ml) and the triphenyiphosphine oxide 
remaining was removed by filtration. The ether was removed from the 
filtrate and the residue was subjected to vacuum sublimation (approx. 100 °C, 
0.2 torr) to yield methyl (Z)-34imidazol-2-yl)propenoate (0.170 g, 22%), m.p. 
62.5-64.5 C (from n-hexane) (Found: C, 55.4; H, 5.25; N, 18.2. C7H8N202 
requires C, 55.25; H, 5.25; N, 18.4%); Xmax./EtOH (E) 220-225 (sh) and 313-316 
(13500); Vmax . 3190, 1690 and 1625; 8H  7.18 (2H, s), 7.01 (IH, d, 3J  12.8), 5.90 
(IH, d, 3J  12.9) and 3.77 (3H, s); 8C 168.64 (q), 143.38 (q), 135.0-118.3 (br), 
133.99, 114.30 and 51.86; m/z 152 (M+, 100%), 121 (52), 120 (92), 93 (69), 92 




Method (a) described in Section D.1 for the condensation of azolyl 
carbaldehydes with Meldrum's acid was used to prepare the following 2-
substituted 3-azolyipropenoates. Reaction was typically carried out on a I 
mmol scale in 5 ml of toluene. The solid products were generally collected by 
filtration. The following compounds were prepared by this method. The 
aldehyde and active methylene compound used are quoted, together with the 
reaction time. dimethyl 24imidazol-2-ylidene)malonate (imidazole-2-
carbaldehyde, dimethyl malonate, 7 days) (0.101 g, 48%), m.p. 158.5-159 C 
(decomp.) (from ethanol) [Found: C, 51.1; H, 4.8; N, 13.1. C9H10N204 
requires C, 51.4; H, 4.8; N, 13.3%. Found (2M)+ 420.1253. C18H20N408 
requires (2M)+ 420.1281]; V max. 3165, 1730 and 1720; 8H ([2H6]DMSO) 7.49 
(1H, s), 7.29 (2H, br s) and 3.77 (6H, s), several additional peaks were 
reproducibly present in the spectrum and have been attributed to the 
existence of dimer(s) as evinced by the peak in the mass spectrum at m/z 420 
(2M)+; 8H  7.01 (d, J 1.3), 6.95 (d, J 1.2), 6.85 (d, J 1.3), 6.13 (s), 6.07 (s), 4.90 (d, 
J 5.8), 4.70 (d, J 10), 4.44 (d, J 10), 3.98 (d, J 5.8), 3.73 (s), 3.67 (s), 3.62 (s) and 
3.32 (s); & ([2H6]DMSO) 169.10 (q), 167.65 (q), 167.47 (q), 167.11 (q), 166.88 
(q), 164.06 (q), 149.84, 142.02, 141.57, 140.43, 133.02, 128.50, 128.15, 123.02, 
117.31, 114.56, 69.30, 68.62, 57.64, 53.99, 53.52, 53.12, 52.85, 52.62, 52.40 and 
50.48; m/z 420 (2M+,7%), 361 (56), 210 (M+, 51), 179 (30), 178 (72), 151 (10), 
147 (100), 135(5) and 59 (24): methyl (E)-2-cyano-3-(imidazol-2-yl)propenoate 
(imidazole-2-carbaldehyde, methyl cyanoacetate, I h) (0.177 g, 100%), m.p. 
208-209 C (decomp.) (from ethanol) (Found: C, 53.9; H, 3.9; N, 23.6. 
C8H7N302 requires C, 54.2; H, 4.0; N, 23.7%); Vmax.  2230, 1725 and 1620; oH 
([2H6]DMSO) 8.04 (1H, s), 7.54 (2H, s) and 3.83 (3H, s); 8c ([2H6]DMSO) 
162.98 (q), 140.06 (q), 139.55, 128.50, 114.97 (q),  98.18 (q) and 53.07; m/z 177 
(M, 54%),147 (25), 146 (65), 145 (43), 118 (100), 91(14), 64 (57), 52 (25), 42 
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(45) and 40 (78): methyl (E)-2-cyano-3-(imidazol4-yl)propenoate (imidazole-4-
carbaldehyde, methyl cyanoacetate, overnight) (0.165 g, 93%), m.p. 172-174 
°C (from ethanol) (Found: M+ 177.0541. C8H7N302 requires M+ 177.0538); 
H ([21-16]DMSO) 8.19 (IH, s), 8.09 (IH, s), 7.97 (IH, s) and 3.82 (3H, s); ö 
([2H6]DMSO) 163.26 (q), 146.70, 138.72, 133.95 (q), 127.82, 115.66 (q), 95.94 (q) 
and 52.49; m/z 177 (M, 100%), 146 (89), 118 (36), 91(12), 64 (55), 52 (6) and 40 
(11). 
Preparation of Methyl 2-Cyano-3-(pyrazol-3-yl)propenoate 
Pyrazole-3-carbaldehyde (0.103g. 1.1 mmol)'SS was dissolved in hot 
pyridine (2 ml). After allowing the solution to cool, methyl cyanoacetate 
(0.113 g, 1.1 mmol) was added and the solution was stirred at room 
temperature for 2 days. The solvent was removed and the residue was 
recrystallised from ethanol to give methyl (E)-2-cyano-3-(pyrazol-3-yl)propenoate 
(0.127 g, 67%), m.p.156-156.5 °C (from ethanol) (Found: C, 54.35; H, 3.95; N, 
23.65. C8H7N302 requires C, 54.25; H, 4.0; N, 23.7%.); 	3240, 2220, 1725 
and 1620; oH 12.12 (IH, br s), 8.32 (IH, s), 7.74 (IH, d, 3J 2.4), 7.06 (1H, d, 3J 
2.4) and 3.94 (3H, s); & 162.66 (q),146.40, 144.18 (q), 131.13, 115.73 (q), 109.11, 
102.17 (q) and 53.21; m/z 177 (M+, 100%), 146 (53), 119 (12), 118(19) and 91 
(5). 
Preparation of Methyl 3-(Imidazol-4-yl)12ropenoate 
(Methyl Urocanate) 
Methyl 3-(imidazol-4-yl)propenoate was obtained by esterification of 
the commercially available propenoic acid (urocanic acid). Urocanic acid 
(10.06 g, 0.073 mol) was dissolved in warm methanolic hydrogen chloride 
solution (23%w/v, 75 ml) and the solution was heated at reflux for 3 h. The 
solution was set aside overnight and the white crystalline solid which 
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appeared was collected by filtration. Concentration of the filtrate gave further 
methyl 3-(imidazol-4-yl)propenoate hydrochloride (13.08 g, 96%), m.p. 232- 
233 °C (lit.,95 233-234 °C); 8H ([21-1 6]DMSO) 9.20 (1H, s), 8.05 OH, s), 7.57 OH, 
d, 31 16.2), 6.90 (IH, d, 3116.2) and 3.72 (3H,$). 
The hydrochloride salt was dissolved in water (90 ml). Treatment of 
this solution with potassium hydroxide (4.20 g) in water (15 ml) caused 
precipitation of the free base which was collected by filtration and dried. The 
filtrate was extracted continuously with methylene chloride over 12 h. The 
extract was dried (MgSO4) and the solvent was evaporated to give a further 
crop of product. Methyl 3-(imidazol-4-yl)propenoate (8.92 g, 76 % from acid) 
had m.p. 93.5-95.5 C (from ethyl acetate) (lit.,95 94-96 °C); A max./EtOH (e) 
283 (20900); Vmax. 3135, 1710 and 1645; 6H  7.80 (1 H, br s), 7.69 (1 H, s), 7.59 
(IH, d, 31 15.8), 7.28 (IH, s), 6.41 (IH, d, 3J  15.8) and 3.74 (3H, s) (in 
agreement with literature data95); 6c (one quaternary missing) 167.85 (q), 
136.96, 134.76, 122.47, 115.42 and 51.52. 
2. 	PYROLYSIS OF 3-(AZOLYL)PROPENOIC ACID ESTER 
DERIVATIVES 
Pyrolysis of the 3-(azolyl)propenoic acid ester derivatives was carried 
out by the method described in Section B. Upon completion of the pyrolysis 
the volatile alcohol generated in the reaction was removed by allowing the 
product trap to warm up partially while the system was still under vacuum. 
The trap was then allowed to warm to room temperature under an 
atmosphere of nitrogen. The product was removed from the trap by 
dissolving in acetone. After removal of the solvent, the pyrroli.zinone was 
subjected to bulb to bulb (Kugelrohr) distillation where appropriate. The 
following pyrrolizin-3-ones and azapyrrolizinones were prepared by this 
means. The substrate and pyrolysis parameters are quoted. pyrrolizin-3-one 
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[methyl 3-(pyrrol-2-yl)propenoate (0.095 g, 0.63 mmol), Tf 850 'C, Ti 50 °C, P 
0.025 mbar, t 15 mm] (0.065 g, 87%), b-p. 95-100 °C (17 torr) [lit., 25 130 °C (16 
torr)]; oH 7.04 (IH, dd, 315.9 and 610-5), 6.86 (IH, t, J 2.0), 5.96 (2H, m) and 
5.62 (IH, d, 315.9) (in agreement with published data25): 2-methylpyrro!izin-3-
one [ethyl 3-(pyrrol-2-yl)-2-methylpropenoate (0.177 g, 1.0 mmol), Tf 800 °C, 
Ti90 °C, P 0.008 mbar, t 20 mm] (0.115 g, 87%), b.p. 45-50 °C (0.2 torr) 
(Found: M 133.0525. C8H7NO requires M+ 133.0528); Vmax.  1735 and 1475; 
oH 6.83 (IH, br d, 3J  3.2), 6.68 (IH, qd, 4J 1.7 and 6J  0.6), 5.93 (IH, t, 3J  3.1), 
5.82 (IH, dt, 3J 3.2 and J 0.7) and 1.86 (3H, d, 4J  1.8); 0c 166.54 (q), 136.48 (q), 
132.14 (q), 131.38, 118.23, 114.98, 109.29 and 10.63; m/z 133 (M+, 100%), 105 
(29), 104 (61), 78 (15), 71 (9), 57 (15), 51 (15), 43 (9) and 39 (11): pyrrolo[1,2-
a]imidazol-5-one [methyl (Z)-3-(imidazol-2-yl)propenoate (0.126 g, 0.83 
mmol), Tf 800 °C, Ti 40-70 °C, P 0.02 mbar, t 25 mm] (0.090 g, 90%), b.p. 65-67 
°C (0.1 torr) [lit.,7 90 °C (0.1 torr)], m.p. 91-93 °C (lit.,7 93-95 °C); Amax./ 1 ,4 
dioxane (e) 254 (5360) and 406-409 (710); 3H  7.21 (IH, d, 3J  6.2), 7.02 (1H, d, 3J 
1.7), 6.94 (1H, d, 3J 1.6) and 6.01 (IH, dd, 3J 6.2 and J 0.7) (in agreement with 
published data7): pyrrolo[1 ,2-a]imidazol-5-one [methyl (E)-3-(imidazol-2- 
yl)propenoate (0.157 g, 1.0 mmol), Tf 850 ,C, Ti150-170 °C, P 0.001-0.005 
mbar, t I h] (0.085 g, 69%), sublimation temperature and IH NMR (60 MHz) 
identical with authentic sample: 6-methylpyrrolot1,2-aiimidazol-5-one [ ethyl 3- 
(imidazol-2-yl)-2-methylpropenoate (0.098 g, 0.54 mmol), Tf 800 °C, Tj 110- 
120 C, P 0.001 mbar, t I h] (0.023 g, 32%), partial decomp. at 180-190 C, 
further decomp. at 240-250 'C, b.p. 57-60 °C (0.2 torr) (Found: M+ 134.0490. 
C7H6N20 requires M - - 134.0480); Vmax. 1770, 1600 and 1555; 8H ([2116] 
acetone) 7.19 (IH, d, 3J  1.6), 7.03 (IH, q, 4J 1.7), 6.95 (IH, d, 3J 1.7) and 1.95 
(3H, d, 4J 2.0); 0c (two quaternaries missing) 138.12 (q), 133-46,129-17,113.26 
and 9.40; m/z 152 (M+18, 62%), 134(M+, 17), 108 (100), 93 (24), 79 (19), 53 (20) 
and 42 (22) (NMR showed that the product was essentially pure although the 
I; 
mass spectrum reproducibly gave a M+18 peak): pyrrolo[1,2-c]imidazol-5-
one [methyl (E)-3-(imidazol-4-yl)propenoate (0.89 g, 5.8 mmol), Tf 850 °C, Ti 
150-160 °C, P 0.001-0.003 mbar, t 2 h 30 min ] (0.46 g, 65%), does not melt 
below 300 °C (decomp.); A.max ./1,4-dioxane(e) 276 (4060) and 366 (2960); 6H 
7.74 (1H, s), 7.30 (1H, d, 3J  6.2 and 6J  0.5), 6.79 (IH, s) and 5.84 (IH, d, 3J  5.9) 
(in agreement with published data7): 6-methy!pyrrolot1,2-climidazol-5-one 
[ethyl 3-(imidazol-4-yl)-2-methylpropenoate (0.032g. 0.18 mmol), Tf 850 °C, Ti 
120 °C, P 0.005 mbar, t 20 mm] (0.014 g, 59%), m.p. 76-78 °C (Found: C, 61.7; 
H, 4.75; N, 20.6. C7H6N20.0.1H20  requires C, 61.85; H, 4.5; N, 20.6%. Found: 
M 134.0485. C7H6N20 requires M 134.0480); ?max./1,4-dioxane (e) 276 
(3920) and 376 (1730); oH 7.68 (1H, s), 6.90 (IH, q, 4J 1.6), 6.62 (1H, s) and 1.89 
(3H, d, 4J 1.7); 0c (one quaternary missing) 163.65 (q), 134.24, 133.80 (q), 
131.44, 124.54 and 10.72; m/z 134(M+, 100%), 106 (22), 85 (40), 79 (63), 71 (59), 
57 (83), 52 (47), 43 (57) and 39 (16): 1,3,6-trimethylpyrrolot1,2-cJimidazol-5-one 
[ethyl 3-(2,5-dimethylimidazol-4-yl)-2-methylpropenoate (0.083 g, 0.40 
mmol), Tf 800 °C, Ti 100-120 °C, P 0.01 mbar, t 15 min] (0.037 g, 57%), m.p. 71-
73°C (decomp.) (Found: C, 65.8; H, 6.65; N, 17.2. C7H6N20.0.15H20 requires 
C, 65.6; H, 6.30; N, 17.0. Found: M+ 162.0793. C7H6N20 requires M+ 
162.0793); A.max./1,4dioxane (e) 284-285 (4320) and 390 (2670); Vmax.  1735 
and 1625; 0H  6.84 (IH, q, 4J 1.6), 2.40 (3H, s), 2.06 (3H, s) and 1.89 (3H, d, 4J 
1.7); 8c 164.51 (q), 147.23 (q), 134.59 (q), 131.03 (q), 130.31, 129.96 (q), 13.72, 
12.76 and 10.67; m/z 162 (M+, 100%), 133 (70), 93 (49), 92 (18), 79 (34), 66 (30), 
52 (27), 42 (19) and 39 (16). 
Pyrolysis of the following compounds at 800 °C gave brightly 
coloured, apparently polymeric solids, which were not characterised: 
methyl 2-cyano-3-(imidazol-2-yl)propenoate; methyl 2-cyano-3-(imidazol-4-
y0propenoate and dimethyl (imidazol-2-ylidene)malonate. 
The IH NMR spectra of the products resulting from the pyrolysis, at 
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the temperatures indicated, of the following pyrazole derivatives, contained 
no identifiable resonances. The intense colour typical of azapyrrolizinones 
was generally absent. Methyl (E)-3-(pyrazol-3-yl)propenoate (Tf 750-850 °C); 
methyl (Z)-3-(pyrazol-3-yl)propenoate (Tf 650-700 C), and methyl 2-cyano-3-
(pyrazol-3-yl)propenoate (Tf 800 C). 
3. INVESTIGATION OF MECHANISM OF RING CLOSURE 
(a) 	Variable Temperature Pyrolyses of 
Methyl (E)- & (Z)-3-(Imidazol-2-yl)propenoates 
To investigate the rate controlling process in the pyrolysis of 3-
(azolyl)propenoic acid esters, pyrolyses of approximately 0.1 mmol of each of 
the two stereoisomers of methyl 3-(imidazol-2-yl)propenoate were carried 
out at a number of furnace temperatures. Upon completion of each pyrolysis 
of the (Z)-isomer, the percentage conversion to pyrrolo[1,2-alimidazol-5-one 
was determined by washing the trap out with [2H]chloroform and examining 
the sample by IH NMR spectroscopy. 
The (E)-isomer was however insoluble in [2H]  chloroform and 
[2H6]acetone; the trap was therefore washed out with E2FL41methanol and the 
solution was set aside until all the pyrrolo[1,2-a]imidazol-5-one present had 
been completely ring opened to [ 2H3]methyl (Z)-3-(imidazol-2-yl)propenoate 
i.e there was no colour remaining (see Discussion). The percentage of (Z)-
propenoate present in the sample was then determined by IH NMR and 
taken to be the percentage conversion of the (E)-isomer to pyrroloE1,2-
a] imidazol-5-one. 
Pyrolyses were carried out under the conditions indicated. The 
percentage conversion to pyrrolo[1,2-a]imidazol-5-one is recorded. (Z)- 
isomer; 14 mg, Tf 450 C, Ti 50 °C, P 0.01 mbar, t 15 mm, 0%; 16 mg, Tf 500 .C, 
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Ti 80 DC,  P 0.001 mbar, t 20 mm, 7%; 12 mg, Tf 550 °C, Ti 100 DC, P 0.001 mbar, 
t 10 mm, 33%; 16 mg, Tf 600 °C, Ti 40 DC,  P 0.001 mbar, t 15 mm, 54%; 14 mg, 
Tf 650 °C, Ti 40 °C, P 0.005 mbar, t 20 mm, 88%; 14 mg, Tf 700 °C, Ti 40 °C, P 
0.005 mbar, t 15 mm, 93%; 0.051 g, Tf 800 °C, Ti 40 C, P 0.02 mbar, t 30 mm, 
100%: (E)-isomer; 9 mg, Tf 600 °C, Ti 150 DC,  P 0.005 mbar, t 10 mm, 0%; 9 mg, 
Tf 650 °C, Ti150 DC, P 0.01 mbar, t 10 mm, 6%; 10 mg, Tf 700 °C, Ti 150 DC, P 
0.003 mbar, t 10 mm, 24%; 8 mg, Tf 750 °C, Ti 150 DC, 0.04 mbar, 10 mm, 47%; 
9 mg, Tf 800 °C, Ti 150 DC, P 0.003 mbar, t 10 mm, 79%; 8 mg, Tf 850 °C, Ti 150 
DC, P 0.004 mbar, t 15 mm, 96%. 
In addition to the above, samples from the pyrolysis of methyl (E)-3-
(imidazol-2-yl)propenoate under the conditions stated were washed out of 
the trap with [2H]chloroform and examined by 1H NMR spectroscopy. There 
was no evidence for the presence of the (Z)-isomer in these samples: (8 mg, 
650 DC,  150 DC  0.01 mbar) (16 mg, 750 DC  150 DC  0.005 mbar). 
Spectra were also obtained for solutions of both (E) and (Z) 
propenoates in [2H4]methanol after several days at ambient temperature to 
ensure that no isomerisation occurred in solution. 
(b) 	Pyrolysis of Pyrazole Derivatives: 
Evidence for p Ketene Intermediate 
Pyrazole (1.02 g) was sublimed (70 °C, 2.2x10- 2 mbar) through a 
horizontal furnace over a period of 40 min during which time the furnace 
temperature was gradually increased from 400 DC  to 800 DC.  The pressure of 
the system was recorded at 50 °C intervals and the results were as follows: 
400 °C, 2.3 x 10-2 mbar; 450 DC  2.2 x 10-2 mbar; 500 DC  2.2 x 10-2 mbar; 550 DC 
2.2 x 10-2 mbar; 600 DC  2.2 x 10-2 mbar; 650 DC  2.2 x 10-2 mbar; 700 DC  2.3 x 
10-2 mbar; 750 DC  2.7 x 10-2 mbar; 800 DC  6.0 x 10-2 mbar. 
Methyl (E)-3-(pyrazol-3-yl)propenoate (0.169 g, 1.1 mmol) was 
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sublimed through a horizontal furnace maintained at 650 °C as rapidly as 
possible (T1200 C, P 2.3 x 10-2 mbar, 22 mm). During the period of the 
sublimation the pressure in the system was recorded. The results were as 
follows: t 0 mm, P 2.3 x 10-2 mbar; t 3 mm, P 2.0 x 10-2 mbar; t 5 mm, p 3.3 x 
10-2 mbar; t 7 mm, P 4.0 x 10-2 mbar; t 9 mm, P 4.6 x 10-2 mbar; t 10 mm, P 
4.8 x 10-2 mbar; t 11 mm, p 3.8 x 10-2 mbar; t 13 mm, p 2.8 x 10-2 mbar; t 16 
mm, p  2.4 x 10-2 mbar; t 22 mm, p 2.2 x 10-2 mbar. IH NMR (60 MHz, 
C[2H]C13) of the pyrolysate revealed only starting material although there 
was a great deal of black material generated in the reaction. 
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F. INVESTIGATION OF THE REACTIVITY AND 
CHEMICAL PROPERTIES OF THE PYRROLIZIN-3-ONE, 
PYRROLO[1,2-a]IMIDAZOL-5-ONE AND 
PYRROLO[1,2-c]IMIDAZOL-5-ONE SYSTEMS. 
1. REACTIONS WITH NUCLEOPHILES 
(a) 	Reactions with O-Nucleophiles: 
Preparation of Methyl 3-(Azol-2-yl)12ropenoates 
Sodium methoxide in methanol (approx. I M, 10 ml) was added 
dropwise to a solution of pyrrolizin-3-one (0.479 g, 4.0 mmol) in methanol (20 
ml) until no further colour loss was observed. The solution was neutralised 
with glacial acetic acid, added to water (25 ml) and was then extracted with 
ether (3 x 40 ml). The combined extracts were washed with saturated aqueous 
sodium bicarbonate (40 ml) and water (40 ml), dried (Na2SO4) and 
evaporated. The residue was subjected to bulb to bulb (Kugelrohr) 
distillation to give methyl (Z)-3-(pyrrol-2-yl)propenoate (0.463 g, 76%), b.p. 
60-62 °C (0.35 torr); 8H  6.99 (IH, m), 6.76(IH, d, 3J  12.5), 6.49 (IH, rn), 6.27 
(IH, m), 5.52 (IH, d, 31 12.4) and 3.75 (3H, s) (identical with literature 
datal84). 
Pyrrolo[1,2-alimidazol-5-one (0.053 g, 0.45 mmol) was dissolved in dry 
methanol (2 ml) and set aside at room temperature for I h. The methanol was 
then removed in vacuo and recrystallisation of the colourless solid from n-
hexane gave methyl (Z)-3-(imidazol-2-yl)propenoate (0.053 g, 78%), m.p. 62-
64 C (from n-hexane); SI-!  7.21 (2H, s), 7.04 (IH, d, 3J 12.8), 5.93 (1H, d, 3J 
12.8) and 3.80 (3H, s); & (two resonances missing) 168.70 (q), 143.40 (q), 
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134.01, 114.40 and 52.00 (all characteristics identical with those reported in 
Section E.1). 
Freshly prepared pyrrolo[1,2-c]imidazol-5-one (0.055 g, 0.46 mmol) 
was dissolved in dry methanol (3 ml) and the solution was set aside at room 
temperature for 2 days. The solvent was removed and the residue was 
subjected to bulb to bulb (Kugelrohr) distillation to give methyl (Z)-3-
(imidazol-4-yl)propenoate (0.053 g, 77%), b.p. 60-62 C (0.2 torr); V ma.. 1695 
and 1620 (lit.,95 1698 and 1623); 8H  7.71 (IH, s), 7.35 (IH,$), 6.82 (IH, d, 31 
12.5),5-66 (1H, d, 3J  12.5) and 3.76 (3H, s); öc 168.92 (q), 137.40, 136.70, 131.40, 
127.63 (q),  110.82 and 51.79. 
(b) Investigation of Methanolic Ring Opening 
of Pyrroloimidazol-5-ones 
(i) 	Isosbestic Points 
A solution of the 1-methylpyrrolo[1,2-c]imidazol-5-one in dry, h.p.l.c. 
grade 1,4-dioxane (5.666 x 10-4mol dm-3, I ml) was diluted with further 1,4-
dioxane (ca. 1.5 ml). The solution was treated with dry A.R. grade methanol 
(2 ml) and was made up to a total volume of 5 ml with 1,4-dioxane. After 
thorough mixing, a UV spectrum of the solution was recorded at ambient 
temperature on a Unicam SP 800 spectrophotometer (scan speed 'fast'; 
approximately 2 nm s4). Additional spectra were recorded on the same chart 
until no further change in the spectrum was observed (approximately 40 
mm). 
The above method was also used to establish the presence of an 
isosbestic point for the methanolysis of pyrrolo[1,2-a]imidazol-5-one. The 
following quantities were used: stock solution of pyrrolo[1,2-a]imidazol-5-
one in 1,4-dioxane (1.166 x 10-4 mol dm-3, 2 ml);1,4-dioxane (ca. 18-20 ml); 
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methanol (2 ml) and total volume of 25 ml made up with additional 1,4-
dioxane. Spectra were recorded as above over a period of 3 1 /2 h. 
Results are recorded in the Discussion section of this thesis. 
(ii) Determination of Absolute Rate Constants 
-by (IV 
Studies on the methanolysis of azapyrrolizinones under pseudo first 
order conditions were carried out by monitoring the reduction of an 
absorbance in the UV spectrum of an azapyrrolizinone upon treatment with a 
large excess of methanol. A Varian CARY 210 spectrophotometer was used to 
monitor the variation in absorbance at a specific wavelength with time. The 
UV cell was maintained at 25 C throughout the study. The following 
example is typical of the experimental conditions used to obtain rate 
constants for the methanolysis of pyrroloimidazolones. 
The spectrophotometer was set to record the change in absorbance at 
500 nm over a period of time and the chart recorder was set to zero against 
the solvent system to be used. 1-Methyl-3-phenylpyrrolo[1,2-c}imidazol-5-one 
(0.0014 g, 6.67 x 10-6 mol) was added to methanol (10 ml) in a standard flask 
which had been maintained at 25 C (+1- 0.1 SC). The sample was shaken 
vigourously to ensure complete dissolution. A cuvette was rinsed with a 
small amount of the solution and was then filled with fresh solution and 
placed in the thermostatted spectrophotometer cell. After adjusting the 
instrument so that the initial absorbance filled as much of the 'y-axis' of the 
chart as possible (Range 0.5), the decrease in aborbance at 500 nm was 
recorded at a chart speed of 50 s cm-1. After the reaction had been monitored 
over three half-lives, the sample was set aside overnight and the absorbance 
recorded again to give the infinity value. 
Time and absorbance values were taken directly from the chart record 
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and a pseudo first order rate constant was calculated. Results are recorded in 
the Discussion section of this thesis. For more reactive azapyrrolizinones a 
solution of methanol in 1,4-dioxane (40% v/v. 9.80 mol dm -3) was used. 
-by1HNMR 
Pyrrolo[1,2-c]imidazol-5-one (0.017 g, 0.14 mmol) was dissolved in 
[2H4]methanol and IH NMR (200MHz) spectra were recorded at intervals 
over a period of 65 mm. The probe temperature was 20.5-20.6 °C throughout 
the course of the experiment. A further spectrum was also recorded after 
leaving the sample for 15 h at room temperature to ensure that the infinity 
conversion in the reaction was 100%. 
The integrals of the following resonances were used to calculate the 
percentage of pyrroloimidazolone in the sample at the time each spectrum 
was recorded: pyrrolo[1,2-c]imidazol-5-one, 6H  6.04 (IH, d, 3J 5.9): [21-14] 
methyl (Z)-3-(imidazolyl-4-yl)propenoate, SH  5.85 (1H, d, 3J  12.6). A rate 
constant was calculated assuming pseudo first order conditions. Results are 
recorded in the Discussion section of this thesis. 
(iii) Determination of Relative Rate Constants 
Relative rate constants were obtained by monitoring the methanolysis 
of a pyrroloimidazol-5-one by IH NMR (360 MHz) in the presence of a 
standard. The standard chosen was pyrrolo[1,2-c]imidazol-5-one which had 
intermediate reactivity with respect to pyrrolo[1,2-a]imidazol-5-one and 
substituted pyrrolo[1,2-c]imidazol-5-ones. The standard could also be 
prepared on a larger scale than any other pyrroloimidazol-5-one. The 
general method below was used. For the more reactive azapyrrolizinones it 
was found convenient to dilute the methanol with toluene. 
Pyrrolo[1,2-c]imidazol-5-one (0.1 mmol) was dissolved as much as 
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possible in deuteriated solvent (0.5 ml). The solution was filtered through a 
cotton wool plug into a sample vial containing a second pyrroloimidazol-5- 
one (0.1 mmol) and thence into a NMR tube. For solutions in [2H8]toluene, 
some [2H4]methanol was then added. After thorough mixing of the sample, 
1H NMR spectra of the solution were recorded at regular, intervals over the 
period indicated. The reaction was followed by monitoring the 
disappearance of characteristic resonances associated with the two initial 
components of the reaction mixture. The magnitudes of the integrals of these 
signals were taken as a measure of the concentrations of the two 
pyrroloimidazol-5-ones. The reactions were carried out at the ambient 
temperature of the probe. Details of the data handling and of the results are 
recorded in the Discussion section of this thesis. 
The following pyrroloimidazol-5-ones were studied by this method. 
The solvent used, the quantity of [2H4]methanol added, where appropriate, 
total monitoring time and the chemical shifts of the resonances which were 
monitored 	(pyrrolo[1,2-c]imidazol-5-one resonance first) 	are quoted. 
pyrrolo[1,2-a]imidazol-5-one (toluene, 100 j.tl, 	18 h, 8H  5.12 and 5.54): 	1- 
methylpyrrolo[1,2-c]imidazol-5-one (methanol, 4 h, oH 6.04 and 5.92): 6-
methylpyrrolo[1,2-c]imidazol-5-one (toluene, 200 t1, 16 h 40 mm, oH  5.21 and 
1.41): 1,3-dimethylpyrrolo[1,2-c]imidazol-5-one (toluene, 200 .tl, 15 h 40 mm, 
0H 6.53 and 6.57): 3-phenyl-1 -methylpyrrolo[1,2-c]imidazol-5-one (methanol, 
4 h 50 mm, OH  6.02 and 5.92). 
The competing solvolyses of pyrrolo[1,2-c]imidazol-5-one and N-
acetylimidazole were monitored as described above (200MHz) over a period 
of 2 h. The resonances monitored were 0H  6.04 ppm for pyrrolo[1,2-
c]imidazol-5-one and 0H  2.72 for N-acetylimidazole. 
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(c) 	Reactions With Other Nucleophiles 
(i) 	General Method for Preparation of 
1-Amino- and 1-Thio-1,2-dihydropyrrolizin-3-ones 
A solution of the nucleophile 0 mmol) in solvent (2-5 ml) was added 
to a solution of the pyrrolizin-3-one 0 mmol) in the same solvent (2-5 ml). 
The solution was set aside at room temperature until it became colourless. 
The solvent was evaporated. Solid residues were washed with n-hexane and 
collected by filtration; all other residues were subjected to bulb to bulb 
(Kugelrohr) distillation. The following compounds were obtained. The 
pyrrolizin-3-one, amine, solvent and reaction time are quoted. pyrrolizin-3-
one (7%), b.p. 60-63 °C (0.3 ton) [lit., 25 130 °C (16 ton)]; and 1-(N-t-
bu tylamino)-1,2-dihydropyrrolizin-3-one ( pyrrolizin-3-one, t-butylamine, 
acetone, 3 days) (61%), b.p. 73-75 °C (0.2 ton) (Found: M+ 192.1269. 
CIIHI6N20 requires M 192.1263); Vmax.  3490-3330 (br), 2965 and 1740; 6H 
7.00 (IH, ddd,3J 3.2, 411.0 and 5J 0.5), 6.44 (1H, t, 3J 3.2), 6.05 (IH, dt, 313.2 
and 4J 1.2), 4.39 (1 H, dddd, 3J 7.2, 3.3, 4J  1.2 and 5J 0.5), 3.29 (1 H, dd, 2J  18.3 
and 3J 7.2), 2.79 (IH, dd, 2J  18.3 and 3J 3.3) and 1.17 (9H, s); öc 170.25 (q), 
143.69 (q), 118.54, 111.05, 104.57,50.78 (q), 47.53,45.47 and 29.73; m/z 192 (M+, 
25%), 135 (21), 121 (11), 120 (100), 119 (22), 94 (20), 92 (29), 84 (13), 65 (13), 58 
(45), 57 (11), 42 (8), 41 (12) and 39 (13): 1,2-dihydro-1-(N-piperidinyl)pyrrolizin-
3-one (pyrrolizin-3-one, piperidine, methanol, 45 mm) (90%), b.p. 105-107 °C 
(0.1 ton) (Found: M 204.1268. C12HN20  requires M+ 204.1263); Vmax . 2800 
and 1760; oH  7.03 (IH, d,31 3.0), 6.44 (IH, t, 3J 3.1), 6.13 (IH, br s), 4.25 (IH, 
dd, 3J 7.6 and 2.7), 3.15 OH, dd, 2J  18.7 and 3J  7.7), 2.92 (1H, dd, 2J  18.8 and 3J 
2.9), 2.54-2.27 (4H, m) and 1.59-1.40 (6H, m); Oc 170.28 (q), 138.53 (q), 118.42, 
111.18, 107.32, 57.67, 49.82, 38.63, 25.73 and 24.12; m/z 204 (M+, 2%), 133 (7), 
120 (100), 110 (6), 92 (59), 84 (45), 79 (30), 65 (65), 55 (22) and 41(58): 3-(pyrrol-
2-yl)-2-methylpropenoyl piperidine (2-methylpyrrolizin-3-one, piperidine, 
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acetone, 14 days) (79%), m.p. 123-124 °C [sublimed 92-95 °C (0.4 torr)] 
(Found: C, 71.3; H, 7.9; N, 13.1. C3H18N20 requires C, 71.55; H, 8.25; N, 
12.85); V,(. 3180, 3090 1650 (weak) and 1590 (br); 8H  9.17 (IH, br s), 6.68 
(1 H, dd,31 4.3 and 4J  2.5), 6.22 (1 H, q, 4J 1.5), 6.11 (2H, rn), 3.61 (2H, br s), 3.31 
(2H, br t, J 5.3), 1.98 (3H, d, 3J 1.6), 1.55 (4H, br s) and 1.31 (2H, br s); & 
171.84 (q), 128.45 (q), 126.33 (q), 119.78, 118.89, 109.99, 108.71, 47.47, 42.24, 
26.26, 25.37, 24.29 and 21.22; m/z 218 (M-'-, 28%), 134 (42), 133 (32), 107 (18), 85 
(11), 84 (35), 58 (13), 44 (21), 43 (37) and 41 (100). 
The reaction of pyrrolizin-3-one (0.065 g, 0.55 mmol) and thiophenol 
(0.06 g, 0.55 mmol) in methanol (2 ml) over 15 min was carried out as 
described above to give 1,2-dihydro-1-phenylthiopyrrolizin-3-one (0.092 g, 74%), 
b.p. 140 °C (0.3 ton) (Found: M+ 229.0566. C13H11N0S requires M+ 229.0561); 
Vmax 1740 and 1570; 8H 7.41-7.28 (5H, rn), 6.99 (IH, ddd,31 3.2, 4J 1.1 and 5J 
0.5), 6.43 (IH, dd, 3J 3.2 and 3.1), 6.00 (1H, ddd,3J 3.2, 4j 1.2 and 1.1), 4.73 (1H, 
dddd, 3J 7.8, 2.8, 4J 1.2 and 6J  0.5), 3.45 (1H, dd, 2J  18.9 and 3J  7.9) and 3.01 
(1H, dd, 2J  18.9 and 3J 2.8); 8C (one quaternary missing) 169.10 (q), 139.30 (q), 
132.72, 129.03, 128.15, 119.13, 111.64, 106.44, 43.41 and 37.93; m/z 229 (M+, 
8%), 120 (100), 109 (9), 92 (25) and 65 (20). 
Treatment of pyrrolizin-3-one with t-butylamine in methanol gave 
methyl (Z)-3-(pyrrol-2-yl)propenoate as the sole product. 
(ii) Preparation of 1,2-Dihydro-1-(N-phenylamino)pyrrolizin-3-one 
Pyrrolizin-3-one (0.248 g, 2.1 mmol) in acetone (2 ml) was mixed with 
a solution of aniline (0.229 g, 2.5 mmol) in acetone (2 ml). The mixture was 
then added to water (25 ml) and the aqueous solution was heated at reflux for 
9 h. The solution was evaporated thoroughly under vacuum. The oily brown 
residue was triturated with light petroleum (b.p. 40-60 °C) to give a brown 
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solid which was collected by filtration, washed with a little fresh light 
petroleum (b.p. 40-60 °C) and was identified as 1,2-dihydro-1-(N-pheny1amino)-
pyrrolizin-3 -one (0.299 g, 68%), m.p. 91.5-93 .0 (from cyclohexane) (Found: C, 
73.6; H, 5.9; N, 13.2. C15H12N20 requires C, 73.55; H, 5.7; N, 13.2); 
3380, 1760 (d) and 1605; oH 7.24 (2H, dd, 318.5 and 7.4), 7.09 (IH, dd,3J 3.0 
and 4J 0.9), 6.81 (1H, tt, 3J  7.3 and 4J 1.1), 6.64 (2H, dd, 3J  8.6 and 4J 1.1), 6.49 
(1H, t, 3j 3.1), 6.00 (IH, dt,3J 3.1 and 4J  1.1), 5.03 (1 H, br td, 3J  6.9 and 2.5), 4.09 
(IH, br d, 3J  7.4), 3.48 (IH, dd, 2J  18.5 and 3J  7.2) and 2.85 (IH, dd, 2118.5 and 
3J 2.9); 0c 169.21 (q), 146.15 (q), 140.40 (q), 129.29, 118.79, 118.68, 113.52, 
111.66, 105.85, 46.48 and 43.90; m/z 212 (M+, 38%), 169 (13), 120 (100), 93 (44), 
92 (18), 77 (8) and 65 (9). 
(iii) NMR Tube Reactions 
The pyrrolizinone (0.1-0.2 mmol) was dissolved in deuteriated solvent 
(0.5 ml) in a small sample vial. An equimolar amount of the amine was 
added, the solution was mixed thoroughly and filtered through a cotton wool 
plug into a NMR tube. After no further colour loss was observed the reaction 
was examined by 1H NMR spectroscopy. Products were identified from any 
characteristic resonances observed, and by low and high resolution mass 
spectrometry of the residue remaining after removal of the solvent. The 
following 'Michael' adducts and ring opened amides were identified by this 
means. The pyrrolizinone, nucleophile and solvent are quoted. 1,2-dihydro-1-
(N-piperidinyl)pyrrolizin-3-one ('Michael' adduct); 34pyrrol-2-y0propenoyl 
piperidine (ring opened amide), ratio of 'Michael' adduct : amide = 74 : 26; 
(pyrrolizin-3-one, piperidine, acetone); OH ([2H6]acetone) 'Michael' adduct, 
6.99 OH, dd, 3J  3.1 and 4J 0.9), 6.44 (IH, t, 3J  3.1), 6.10(IH, dt, 3J  3.1 and 4J 
1.0), 4.28 (1H, ddd, 3J  7.7, 2.9 and 4J  1.0), 3.15 (IH, dd, 2J  18.8 and 3J  7.7), 2.87 
(1H, dd, 2J.  18.7 and .3J 2.9), 2.54-2.22 (4H, m) and 1.63-1.40 (6H, m); OH 
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([2H6]acetone) amide, 6.95 OH, br s), 6.66 (1H, d, 3J  12.6), 6.34 (1H, dd, 3J 3.4 
and 4J 1.4), 6.10 (hidden), 5.94 (1H, d, 3J  12.6) and piperidine resonances: 6,7-
dihydro-7-(N-piperidinyl)pyrrolo[1 ,2-aJimidazol-5-one (' Michael' adduct); 3-
(imidazol-2-yl)propenoyl piperidine (ring opened amide), adduct tentatively 
identified as 3-(imidazol-2-yl)-3-(N-piperidinyl)propanoy1 piperidine also 
observed (diadduct), ratio 'Michael' adduct: amide: diadduct = 72: 10: 18; 
(pyrrolo[1,2-a]imidazol-5-one, piperidine, acetone); [Found (F.A.B.): (M+H)+ 
206.12935. C11H15N30 requires (M+H)+ 206.129331; 6H ([ 2H6]acetone), 
'Michael' adduct, 7.36 (IH, d, 3J 1.6), 7.22 (1H, d, 3J 1.6), 4.29 (1H, dd, 3J  7.6 
and 3.0), 3.42 (1H, dd, 2J  18.7 and 3J  7.6) and 3.07 (IH, dd, 2J  18.7 and 3J  3.0); 
amide, 6.94 (2H, s), 6.83 (IH, d, 3J  12.9) and 6.46 (1H, d, 3J 12.9); diadduct, 
4.40 (1H, dd, 3J 8.2 and 4.4) and 3.30 (IH, dd, 2J  15.1 and 3J 8.2), all other 
resonances hidden; 8c ([ 2H6]acetone) 'Michael' adduct 167.96 (q), 157.56 (q), 
135.59, 109.54, 57.46, 49.55 and 38.47 (additional piperidine resonances not 
identified); m/z (F.A.B.) 206 [(M+H)+, 100%1, 164 (44), 121 (34), 112 (90), 86 
(83), 68 (70), 56 (75) and 46 (63). 
The reaction of pyrrolo[1,2-c]imidazol-5-one with piperidine in 
[2H6]acetone and in C[2H]C13  gave a mixture of 'Michael' adduct, 6,7-dihydro-
7-(N-piperidinyl)pyrrolo[1 ,2-cjimidazol-5-one, decomposed on attempted 
distillation [Found (for mixture with amide): M+ 205.1215. C1H15N30 
requires M+ 205.12151; 8H ([2H6]acetone) 7.60 OH, s), 6.91 (IH, s), 4.25 (IH, 
dd, 3J  7.9 and 5.4), 3.50 (4H, br m), 3.01 (IH, dd, 2J  14.8 and 3J  8.2), 2.81 (IH, 
dd, 2J  14.8 and 3J 5.4) and 1.59-1.29 (br m)); öc (several aliphatic resonances 
not identified) 171.77 (q), 138.64 (q), 136.33, 121.38 (br), 60.78, 52.55, 48.71 and 
44.73; m/z (for mixture with amide) 207 [(M+2)+,13%], 205 (20), 121 (48), 112 
(6), 95 (35), 94 (25), 93 (19), 85 (28), 84 (100), 70 (13), 66 (13), 57 (41), 56 (54), 55 
(15), 44 (31), 43 (24), 42 (35), 41 (30) and 39 (41); and ring opened amide, ratio 
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'Michael' adduct : amide = 75 : 25 (not reproducible). Distillation of the 
residue remaining after removal of the solvent resulted in decomposition of 
the 'Michael' adduct. However a colourless oil was collected and identified as 
3-(imidazol4-yl)propenoyl piperidine b.p. 200-205 °C (0.35 torr) [Found: M+ 
205.1215. C11H5N30 requires M 205.1215]; SH  7.62 (IH, s), 7.24 (IH, s), 6.70 
(IH, d, 3J  12.6), 5.97 (IH, d, 3J 12.5), 3.77-3.54 (4H, br m) and 1.62-1.59 (6H, br 
m); öc 165.94 (q), 136.62, 134.35, 132.65 (q), 127.75, 111.65, 47.72, 43.14, 26.47, 
25.51 and 24.27; m/z 205 (M+,20%), 122 (15), 121 (57), 101 (25), 94 (19), 93 (15), 
84 (100), 66(10), 59 (67), 58 (18), 43 (11), 41 (15) and 39 (33). 
The IH NMR spectra recorded after reaction of 2-cyanopyrrolizin-3-
one with t-butylamine and piperidine in [2H6]acetone contained no 
identifiable resonances. These reactions were not investigated further. 
The following compounds were obtained from the reaction of 
pyrrolizinones with thiophenol. The pyrrolizinone and solvent used are 
quoted. 1,2-dihydro-2-methyl-1-phenylthiopyrrolizin-3-one (ratio syn : anti = 92 
8) (2-methylpyrrolizin-3-one, acetone) [Found (F.A.B.): (M+H)+ 244.07961. 
C14H13N0S requires (M+H)+ 244.079611; 8H  ([2H6]acetone) (minor 
stereoisomer in brackets) 7.53-7.29 (5H, m), 7.06 (1H, dd,3J 3.0 and 4J  1.0) 
[7.05 (Mm)], 6.45 (1H, t, 3J  3.1), 5.89 (IH, dt,3J 3.1 and 4J 1.1), 5.20 (IH, dd, 3J 
7.4 and 4J 0.9) [4.58 (1H, d, 3J < 5)], 3.75 (IH, apparent quintet,3J 7.5) [3.15 
(1H, qd, 3J 7 and <4)] and 1.41 (3H, d,3J 7.6); 8C ([ 2H6]acetone) 171.65 (q), 
138.05 (q), 132.19 (q), 129.85, 128.35, 126.26, 117.77, 110.65, 105.23, 45.00, 42.69 
and 11.24; m/z (F.A.B.) 244 [(M+H)+, 18%1, 147 (12), 135 (100), 106 (20) and 
74 (34): 2-cyano-1 ,2-dihydro-1 -phenylthiopyrrolizin-3-one (2-cyanopyrrolizin-3-
one, acetone) [Found (F.A.B.): (M+H)+ 255.05918. C4H10N20S requires 
(M+H)+ 255.059211; oH (360 MHz, [ 2H6]acetone) anti stereoisomer, 7.67-7.21 
(m), 7.14 (IH, m), 6.60 (IH, t, 3J  3.2), 6.27 (IH, ddd,3J 3.2, 4J  4.5 and 1.4), 5.29 
222 
(IH, ddd, 3J 5.2,  4J  1.4 and 0.7) and 4.75 (IH, d,3J 5.2); syn stereoisomer, 7.67-
7.21 (m), 7.02 (1H, dd, 3J  3.2 and 41 0-8), 6.54 (IH, t, 3J  3.2), 6.18 (IH, dd,3J 3.2 
and 4J 0.9), 5.41 (IH, d, 3J  7.5) and 5.32 (IH, d,3J 7.5) ; 5c (50 MHz, 
[2H6]acetone) anti stereoisomer (quaternaries not identified), 132.84, 128.77, 
128.31, 119.54, 112.11, 106.63, 44.83 and 43.44; syn stereoisomer (quaternaries 
not identified), 132.84, 128.77, 128.31, 119.26, 112.11, 107.10, 45.05 and 40.58; 
m/z (F.A.B.) 255 [(M+H)+, 9%], 253 (10), 177 (14), 145 (100), 117 (19), 77 (12), 
48 (15), 46 (26), 44 (15) and 40 (14): 6,7-dihydro-7-phenylthiopyrrolol1,2-
alimidazol-5 -one ('Michael' adduct) (pyrrolo[1 ,2-a]imidazol-5-one, acetone) 
(Found: M+ 230.0519. C12H10N20S requires M+ 230.0514); 6H ([2H6]acetone) 
7.53-7.48 (2H, m), 7.38-7.33 (3H, m), 7.32 (IH, d, 3J 1.7), 7.27 (1H, d,3J 1.7), 
4.93 (IH, dd, 3J  7.9 and 2.9), 3.86 (IH, dd,2J 19.0 and 3J  7.9) and 3.13 (IH, 
dd,2J 19.0 and 3J  2.9); öc ([2H6]acetone) (one quaternary missing) 166.93 (q), 
157.42 (q), 136.29, 132.08, 128.35, 127.49, 110.19, 42.81 and 37.47; m/z 230 (M, 
20%), 139 (17), 122 (16), 121 (100), 110 (37), 109 (27), 95 (17), 94 (16), 93 (33), 66 
(15), 65 (16), 44 (15), 42 (13), 40 (17) and 39 (16): 6,7-dihydro-7-
phenyithiopyrrolol1 ,2-cJimidazol-5-one (' Michael' adduct), thiophenyl 3-(imidazol-
4-y0propenoate (ring opened thiolester), [Found (F.A.B.): (M'+H)+ 231.05922. 
C12H10N20S requires (M'+H)+ 231.05921)] and thiophenyl 3-phenylthio-3-
(imidazol-4-y0propanoate ( diadduct) (pyrrolo[1 ,2-c}imidazol-5-one, 
chloroform) [Found (F.A.B.): (M"-H)+ 339.06260. C18H16N20S2 requires (M" -
H)+ 339.06259 (M" = M' + PhSH)]; oH (360 MHz) (aromatic resonances for 
each compound occur in region 7.45-7.20) 'Michael' adduct, 7.83 (IH, s), 6.71 
(IH, d, J 1.0), 4.72 (IH, ddd, 3J  7.9, 2.9 and 11.2), 3.63 (1H, dd,2J 19.2 and 3J 
7.9) and 3.16 (IH, dd, 2J 19.0 and 3J  2.9); thiolester (two resonances not 
identified), 6.68 (IH, d, 3J  12.2) and 6.06 (IH, d, 3J  12.2); diadduct (two 
resonances not identified), 4.82 (IH, dd, 3J 8.2 and 6.2), 3.40 (IH, dd, 2J 15.9 
and 3J 8.4) and 3.21 (IH, dd,2J 16.1 and 3J 6.1); m/z (F.A.B.) 341 [(M"-i-H)+, 
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46%1, 249 (12), 231 (M'+, 32), 203 (20), 189 (14), 135 (12), 121 (78), 109 (10), 95 
(100), 81 (18), 74 (36), 56 (34) and 42 (52). 
A sample of methyl (Z)-3-(imidazol-4-yl)propenoate (0.020 g, 0.13 
mmol) in [2H]  chloroform was treated with thiophenol (20 p1, 0.19 mmol) and 
showed no reaction by IH NMR after 5 h at room temperature. 
2. REACTIONS OF PYRROLIZIN-3-ONE WITH ELECTROPHILES 
(a) 	Reaction With Acid 
Pyrrolizin-3-one (0.123 g, I mmol) in methanol (8 ml) was treated with 
a solution of hydrogen chloride in methanol (39% w/v, 2 ml). The solution 
was heated at reflux for 2 h and was then allowed to cool to room 
temperature. Methylene chloride (25 ml) was added and the solution was 
washed with water (25 ml). Solid sodium bicarbonate was added to the 
aqueous layer until no further evolution of carbon dioxide was observed. The 
aqueous layer was extracted with additional methylene chloride (25 ml). The 
combined organic layers were washed with water (3 x 25m1), dried (MgSO4) 
and evaporated to give a brown oil. Trituration of the oil with ether gave a 
polymeric brown solid which was removed by filtration. Concentration of the 
filtrate gave after bulb to bulb (Kugelrohr) distillation 1,2-dihydro-1-
methoxypyrrolizin-3-one (0.035 g, 22%), b.p. 62-65 °C (0.5 ton) (Found: M+ 
151.0632. C8H9NO2 requires M-- 151.0633); V ma.. 2932, 2824, 1758 and 1565; 
H 7.07 (1 H, dd, 313.1 and 4J 1.0), 6.48 (1 H, t, 3J 3.1), 6.26 (1 H, dt, 3J  3.1 and 4J 
0.9), 4.83 (IH, ddd, 3J  6.8, 2.0 and 4J 0.8), 3.41 (3H, s), 3.33 (IH, dd, 2J 18.6 and 
3J 6.8), and 2.95 (IH, dd, 2J 18.5 and 3J  2.0); & 169.23 (q), 138.72 (q), 118.78, 
111.96, 107.43, 70.22, 55.92 and 42.65; m/z 151 (M+, 60%), 120 (100), 92 (54), 80 
(53), 79 (42), 65 (35), 64 (12), 63 (12), 52 (18) and 39 (41). 
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(b) 	Preparation of 1-Chloro-1.2-dihydropyrrolizin-3-one 
Dry hydrogen chloride gas generated by the action of conc. sulphuric 
acid on solid ammonium chloride was bubbled through a stirred solution of 
pyrrolizin-3-one (0.597 g, 5 mmol) in methylene chloride (50 ml) until the 
solution turned black (ca. 30 mm). After the solution had been stirred 
overnight at room temperature potassium carbonate (5 g) was added and the 
solution was stirred for a further I h. Solids were removed by filtration 
through celite and the solution was evaporated with minimum heating to 
give, as a free flowing orange liquid which became brown on standing, 1-
chloro-1,2-dihydropyrrolizin-3-one (0.724 g, 93%) (Found: M 155.0144. 
C7H635C1NO requires M+ 155.0138); 8F1 (360 MHz) 7.05 (1H, dd, 3J  2.7 and 4J 
0.8), 6.50 (IH, t, 3J 3.1), 6.26 (IH, dt, 3J  3.2 and 4J 0.9), 5.37 (IH, ddd, 3J 7.5, 2.0 
and 4J 0.9), 3.63 (IH, dd, 2J  19.1 and 3J  7.3) and 3.21 (IH, dd, 2J  19.2 and 3J 
2.2); 5c 167.64 (q), 138.36 (q), 119.74, 112.48, 107.83, 46.57 and 45.72; m/z 155 
(M+, 22%), 120 (79), 119 (100), 92 (35), 91 (51), 65 (18), 64 (36), 63 (32), 40 (31) 
and 39 (17). 
Investigation of Reactivity of 1-Chloro-12-dihydropyrrolizin-3-one 
(i) 	Reaction with Triethylamine 
The title compound (0.155 g, I mmol) in sodium dry ether (10 ml) was 
treated with triethylamine (0.17 ml, 1.2 mmol) and the solution was stirred at 
room temperature for 3 h. Methylene chloride (15 ml) was added and the 
solution was washed with aqueous hydrochloric acid (0.2 M, 15 ml) and 
water (15 ml). The residue obtained after drying of the extracts (Mg2SO4) and 
removal of the solvent was subjected to bulb to bulb (Kugelrohr) distillation 
to give pyrrolizin-3-one (0.083 g, 70%), b.p. 93-95 'C (14 torr) [lit., 25 130 C (16 
torr)]; 5H (80 MHz) 7.06 (1 H, dd, 3J  5.9 and 6J  0.6), 6.87 (1 H, m), 5.97 (2H, m) 
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and 5.64 (IH, dd, 3J  5.9 and 6J  0.6) (in agreement with published data 25). 
(ii) Reactions with O-Nucleophiles 
I -Chloro-1 ,2-dihydropyrrolizin-3-one 0 mmol) was treated directly 
with the nucleophile source indicated. [Prior to treatment with water as the 
nucleophile, 1-chloro-1 ,2-dihydropyrrolizin-3-one was dissolved in acetone (2 
ml).] The mixture was set aside or stirred at room temperature for the time 
stated. Water (15 ml) was added and the solution was extracted thoroughly 
with methylene chloride (3 x 15 ml). The combined extracts were washed 
with water (15-25 ml) and dried (Na2SO4). In the work-up of the reaction 
with glacial acetic acid/ sodium acetate, additional washes with saturated 
aqueous sodium bicarbonate (2 x 25 ml) and water again (25 ml) were carried 
out. Removal of the solvent under vacuum gave the following compounds. 
The nucleophile source, its quantity and the reaction time are quoted. 1,2-
dihydro-1-hydroxypyrrolizin-3-one [water (5 ml), 30 min] (0.127 g, 93%), b.p. 
118-122 °C (0.8 torr) (decomp.) (Found: M+ 137.0481. C7H7NO2 requires M+ 
137.0477); Vmax. 3400, 2920, 1740 and 1570; oH 6.99 (1 H, dd, 31 3.1 and 4J 0.9), 
6.45 (IH, t, 31 3 . 1 ), 6.20 (IH, dt, 313.1 and 4J 0.9), 5.23 (IH, ddd, 3J  7.0, 2.2 and 
4J 0.9), 3.35 (1H, dd,2J 18.8 and 3J  7.0), 3.2-3.3 OH, br s) and 2.87 (IH, dd, 2J 
18.7 and 3J  2.1); 0c 169.57 (q), 141.63 (q), 119.15, 111.65, 106.35, 62.01 and 
45.54; m/z 137 (M, 39%), 120 (14), 95 (27), 94 (42), 72 (17), 71 (35), 58 (29), 43 
(100), 41 (18), 40 (24) and 39 (20): 1,2-dihydro-1-methoxypyrrolizin-3-one 
[methanol (7 ml), 30 mm] (0.212 g, 100%), b.p. 60-63 °C (0.2 torr) (decomp.) 
0H (80 MHz) 7.02 (1 H, dd, 313.1 and 4J  1.0), 6.43 (1 H, t, 3J  3.1), 6.23 (1 H, dt, 3J 
3.1 and 4J 0.9), 4.79 (IH, ddd, 3J  6.5, 2.3 and 4J 0.8), 3.37 (3H, s), 3.30 (IH, 
dd,2J 18.6 and 3J  6.5) and 2.87 (1H, dd,2J 18.6 and 3J  2.3) (identical with 
authentic sample): I -acetoxy-1 ,2-dihydropyrrolizin-3-one [sodium acetate 
(0.087 g, 1.1 mmol) in glacial acetic acid (10 ml), 20 min] (0.157 g, 87%), b.p. 
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121-122 °C (0.8 torr) (decomp.) [ljt.,3 2 180 °C (decomp.)]; V ma.. 3130, 1760, 
1745 and 1575; oH 7.04 (IH, dd, 31 3.1 and 4J  1.0), 6.44 (IH, t, 3J  3.1), 6.23 (1H, 
dt, 3J 3.2 and 4J 1.0), 5.96 (IH, ddd, 3J  7.2, 2.0 and 4J  0.9), 3.42 (1H, dd,2J 18.9 
and 3J  7.2), 2.97 (IH, dd, 2J 18.8 and 3J  2.0) and 2.03 (3H, s); Oc  170.40 (q), 
168.24 (q), 137.47 (q), 119.21, 112.31, 108.85, 63.80, 42.01 and 20.66 (V max. and 
SH in agreement with published data32). 
(c) 	Reactions with Electrophilic Brominating Agents 
(i) 	Preparation of 2-Bromo-1,2-dihydro-1-methoxypyrrolizin-3-one 
Pyrrolizin-3--one (0.125 g,1.0 mmol) in methanol (3 ml) was treated 
with N-bromosuccinimide (0.230 g, 1.3 mmol). After the solution had been 
stirred at room temperature for 3 days, it was added to methylene chloride 
(25 ml) and washed successively with saturated aqueous sodium bicarbonate 
solution (20 ml) and water (20 ml). The organic solution was dried (MgSO4) 
and the solvent was removed thoroughly in vacuo to give anti-2-bromo-1,2-
dihydro-1-methoxypyrrolizin-3-one ( 0.202 g, 82%) which underwent partial 
decomposition upon distillation (0.086 g, 36%), b.p. 122-124 C (0.1 torr) 
(Found: M+ 230.9719 and 228.9736. C8H88IBrNO2 requires M+ 230.9719 and 
C8H879BrNO2 requires M+ 228.9739); Vmax.  3140, 2940, 2830, 1765, 1720 and 
1580; oH  7.10 (IH, dd, 313.2 and 4J 0.8), 6.55 (IH, t, 3J 3.1), 6.31 (IH, dd, 3J  3.1 
and 4J  0.9), 4.94 (IH, d, 3J  1.9), 4.70 (IH, d, 3J  1.9) and 3.52 (3H, s); 0c (one 
quaternary missing) 135.27 (q), 120.16, 113.00, 108.46, 80.20, 57.05 and 47.34; 
m/z 231 (M, 65%), 229 (M+, 62%), 200 (63), 198 (56), 190 (8), 188 (7), 150 (44), 
119 (100), 110 (29), 91 (31), 85 (15), 80 (72), 79 (52), 64 (21), 63 (24), 59 (10), 57 
(11), 52 (13), 51 (13), 43 (29), 39 (22) and 38 (15). 
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(ii) Preparation of 1-Acetoxij-2-bromo-1,2-dihydrOpyrrO lizin-3-one 
Pyrrolizin-3-one (0.245 g, 2 mmol) in glacial acetic acid (6 ml) was 
treated with N-bromosuccinimide (0.72 g, 4 rnmol). The solution was stirred 
at room temperature and the reaction was monitored by t.l.c. (silica, 30% 
ethyl acetate in n-hexane). Reaction was complete after 75 min at which point 
the solution was added to water (30 ml). The aqueous solution was extracted 
thoroughly with methylene chloride (3 x 40 ml) and the combined organic 
extracts were washed with saturated aqueous sodium bicarbonate solution (3 
x 50 ml) and water (50 ml). The solution was dried (MgSO4) and the solvent 
was removed thoroughly in vacuo to give impure anti-2-bromo-1-acetoxy-1,2-
dihydropyrrolizin-3-one, b.p. 102-104 °C (0.3 torr) (decomp.) [Found (F.A.B.): 
M+ 258.96682 and 256.96681. C9H88 1BrNO3 requires M+ 258.96683 and 
C9H879BrNO3 requires M+ 256.96680]; oH 7.13 (1 H, dd, 3J 3.2 and 4J  1.1), 6.57 
(IH, t, 3J 3.2), 6.32 (1H, dt, 3J 3.1 and 4J 1.0), 6.05 (IH, dd, 3J  1.7 and 4J 0.9), 
4.80 (IH, d, 3J 1.7) and 2.11 (3H, s); Oc (one quaternary missing) 169.78 (q), 
164.57 (q), 120.59, 113.54, 110.34, 72.60, 46.31 and 20.56; m/z (F.A.B.) 260 
[(M+H)+, 20%1, 258 [(M+H)+, 331, 257 (40), 237 (41), 215 (59), 200 (34), 149 
(21), 119 (21), 92 (40), 79 (36), 62 (43) and 47 (80); additional peaks 
corresponding to (C 7H5Br2NO-H)+ at m/z 280 (69%), 278 (100) and 276 (79). 
Purification of the product could not be achieved by chromatography nor by 
distillation. The major contaminant was identified as 2-bromopyrrolizin-3-one. 
Complete elimination of acetic acid could be effected by flash vacuum 
pyrolysis of the crude product under the following conditions (Tf 600 'C, T 
120 °C, P 0.005 mbar, t 30 mm). The dark red pyrolysate was washed from 
the trap with methylene chloride (10 ml). The solution was washed with 
aqueous sodium bicarbonate solution 0 M, 10 ml) and water (10 ml), dried 
(Mg504) and evaporated to give 2-bromopyrrolizin-3-one (0.141 g, 35%), b.p. 
68-70 °C (0.3 torr), (Found: M 198.9459 and 196.9477. C71J48IBrNO requires 
M+ 198.9457 and C7H479BrNO requires M- 196.9477 ); V max. 3140, 1750, 1675 
and 1560; 8H  7.16 (IH, d, 6J  0.5), 6.95 (IH, ddd, 3J  2.9,  4J  1.3 and 6J  0.5) and 
6.01 (2H, m); & 160.22 (q), 135.72, 135.53 (q), 120.41, 115.53, 112.86 (q) and 
111.94; m/z 199 (M+, 50%), 197 (M, 44%), 119 (5), 90 (100), 63 (74), 50 (8), 44 
(6), 43 (10), 40 (11), 39 (30), 38 (15) and 37 (14). 
Pyrrolizin-3-one (0.1 mmol) in [2H]  chloroform (0.5 ml) was treated 
with bromine (0.1, 0.2 and 0.3 mmol). In each case, there were no identifiable 
resonances present in the IH NMR spectrum (60 MHz) after 15 mm. 
(d) 	Electrophilic Aromatic Substitution 
(i) 	Vilsmeier-Haack Form ylation 
DMF (1.25 ml) was added with stirring to phosphoryl chloride (2.5 ml) 
and the temperature was kept within the range 10-20 C. 1,2-Dichioroethane 
(10 ml) was added and the solution was cooled to 5 °C, and maintained at 
this temperature during the gradual addition, with stirring, of a solution of 
pyrrolizin-3-one (0.600 g, 5 mmol) in 1,2-dichioroethane (15 ml). The solution 
was heated at reflux for 15 min and then allowed to cool to room 
temperature. The solution was cooled in an ice bath during the careful 
addition of sodium acetate trihydrate (18.75 g) in water (25 ml). Further 
water (25 ml) was added and the reaction mixture was extracted with ether (4 
x 100 ml). The combined extracts were washed with water (2 x 100 ml), dried 
(MgSO4) and evaporated. Dry flash chromatography (ethyl acetate/ n-
hexane) of the residue gave the following products which were characterised 
by their 1H NMR and mass spectra. pyrrolizin-3-one (0.054 g, 9%): 1-acetoxy-
1,2-dihydropyrrolizin-3-one (0.079 g, 9%), 8H 7.09 (IH, dd, 3J  3.1 and 4J 1.1), 
6.49 (IH, t, 3J  3.1), 6.28 (IH, dt, 3J  3.2 and 4J  1.0), 6.00 (1H, ddd, 3J  7.2, 2.0 and 
4J 0.8), 3.46 (1 H, dd, 2J 18.9 and 3J  7.3), 3.01 (1H, dd,2J 18.9 and 3J  2.0) and 2.07 
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(3H, s); 8c 170.46 (q), 168.28 (q), 137.47 (q), 119.28, 112.38, 108.95, 63.82, 42.06 
and 20.72 [identical with sample reported in Section 2.(b) above]: 1-chloro-1,2- 
dihydro-3-oxo-(3H)-pyrro!izine-5 -CarbaldehYde (trace) (Found: M 185.0066 and 
183.0085. C8H6N0237C1 requires M 185.0058 and C 8H6N0235C1 requires M 
183.0087); 8H 10.26 (IH, s), 7.36 (IH, d, 3J  3.7), 6.43 OH, d, 3J  3.7), 5.43 (1H, 
dd, 3J 7.4 and 2.3), 3.77 (IH, dd, 2J  19.3 and 3J 7.5) and 3.34 (IH, dd, 2J  19.3 
and 3J  2.4); m/z 185 (M, 3%), 183 (M, 9%), 148 (37), 147 (100), 146 (33), 119 
(34), 118 (15), 91 (41), 90 (17), 64 (29), 63 (25), 39 (12) and 38 (12): 3-oxo-(3H)- 
pyrrolizine-5-carbaldehyde (0.121 g,16%) (Found: M 147.0416. C8H5NO2 
requires M 147.0320); oH 9.97 (IH, s), 7.20 (IH, d, 3J  6.0), 6.89 (1H, d, 3J 3.4), 
6.14 (1H, d, 3J 3.5) and 5.89 (1 H, d, 3J 5.9); 0c 178.98, 164.67 (q), 141.76 (q), 
137.75, 134.17 (q), 124.62, 123.89 and 110.79; m/z 147 (M,100%), 146 (29), 119 
(44), 118 (17), 91 (88), 90 (23), 85 (21), 71 (31), 64 (45), 63 (40), 57 (49), 55 (22), 
43 (41), 41 (30), 39 (21) and 38 (19): 1-acetoxy-1,2-dihydro-3-oxo-(3H)-pyrrolizifle-
5-carbaldehyde (0.012 g, 1.2%) (Found: M 207.0536 C 10H9N04 requires M 
207.0532); OH 10.27 (IH, d, 5J 0.5), 7.33 (IH, d, 3J 3.7), 6.41 (1H, dt, 3J  3.7 and J 
0.8), 6.06 (114, ddd, 3J 7.3, 2.2 and 4J 0.8), 3.56 (IH, dd, 2J  19.1 and 3J  7.4), 3.12 
(1 H, dcl, 2119.1 and 3J 2.2) and 2.16 (3H, s); Oc 179.27, 170.21 (q), 168.57 (q), 
143.64 (q), 130.19 (q), 125.52, 110.00, 63.69, 41.52 and 30.76; m/z 207 (M 
46%), 165 (30), 148 (62), 147 (49), 123 (16), 122 (16), 120 (25), 119 (49), 92 (27), 
91 (49), 85 (17), 71 (26), 65 (31), 64 (22), 63 (18), 57 (42), 55 (22), 43 (100), 41 
(26) and 39 (35): 1,2-dihydro-1-hydroxypyrrolizin-3-One (0.038 g, 6%); OH 7.00 
OH, dd, 3J  3.1 and 4J  1.0), 6.45 (IH, t, 3J 3.1), 6.20 (IH, dt, 3J  3.2 and 4J 1.0), 
5.23 (1 H, ddd, 3J 7.0, 2.2 and 4J  0.9), 4.95 (1 H, br s), 3.35 (1H, dd, 2J 18.7 and 3J 
7.0) and 2.86 (IH, dd, 2J 18.7 and 312.2) [identical with sample reported in 
Section 2.(b) above]: I ,2-dihydro-1 -hydroxy-3-oxo-(3H)-pyrrolizine-5-CarbaldehYde 
(0.015 g, 2%) (Found: M 165.0428. C8H7NO3 requires M 165.0426); OH 10.14 
OH, s), 732 (1H,d,3J 3.7), 6.38 (1H, d, 3J  3.7), 5.36 (1H, dd, 3j7.3 and 2.2), 
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3.49 (IH, dd, 2J 18.9 and 3j 7.1) and 3:04 (IH, dd, 2J  18.9 and 312.4); m/z 165 
(Mt, 60%), 123 (20), 122 (64), 95 (15), 94 (22), 91 (19), 86 (24), M (35), 66 (19), 
60 (16), 57 (25), 55 (15), 45 (30), 43 (100), 42 (18) and 41 (23). 
(ii) Azo Coupling Reactions 
Benzenediazonium chloride 0 mmol) in water (5 ml) was added to a 
stirred solution of pyrrolizin-3-one (0.125 g, 1 mmol) in methanol (5 ml) at 
room temperature. After stirring the solution for 20 mm, aqueous sodium 
hydroxide (2 M, 2 ml) was added and the solution was stirred for a further 30 
mint The reaction mixture was extracted with methylene chloride (3 x 15 ml). 
The combined extracts were dried (Mg504) and evaporated. Bulb to bulb 
(Kugelrohr) distillation of the residue gave as the first fraction methyl 0-3-
(pyrrol-2-yl)propenoate (0.040 g, 25%), b.p. 59-62 °C (0.5 torr); 6H  7.01 (1H, 
m), 6.78 (IH, d, 3J  12.5), 6.51 (IH, m), 6.27 (1H, dt, 3J  3.6 and 4J 2.5), 5.53 (IH, 
d, 3J  12.5) and 3.77 (3H, s) (identical with authentic sample); and as the 
second fraction methyl (Z)-3-(2-phenylazopyrrol-5-yl)propenoate (0.123 g, 46%), 
b.p. 175-177 C (0.5 torr) (Found: M+ 255.1025. C14H13N302  requires M+ 
255.1008); Vmax.  3260 (br), 1700, 1600 and 1450; 2Lmax. /MeOH (e) 247 (9400), 
286 (10200) and 425 (22800); 8H  12.69 (IH, br s), 7.92 (2H, m), 7.54-7.40 (3H, 
m), 7.00 (1H, dd, 3J  3.8 and 4J  1.8), 6.76 (IH, d, 3J  12.5), 6.60 (IH, dd, 3J  3.9 
and 4J  1.9), 5.75 (IH, d, 3J  12.5)) and 3.83 (3H, s); 8C 168.48 (q), 152.82 (q), 
147.41 (q), 133.93, 130.58 (q), 130.15, 128.88, 122.52, 119.89, 113.89 1  112.28 and 
51.90; m/z 255 (M4-, 100%), 240 (18), 224 (5), 196 (10), 195 (11), 178 (6), 167 
(10),150 (27), 135 (10), 118 (9), 91(11), 90 (23), 77 (78), 65 (14), 64 (13), 63 (14) 
and 51 (16). Without the addition of aqueous sodium hydroxide solution, 
there was no evidence of any reaction after 45 mm. 
231 
Methyl (Z)-3(pyrrol-2-yl)propenoate (0350 g, I mmol) was reacted 
with benzenediazonium chloride (1.25 mmol) by the method described above 
to give unreacted propenoate (0.057 g, 36%), b.p. 65-68 °C (0.003 mbar) and 
the phenylazopyrrole (0.112 g, 43%), b.p. 138-140 °C (0.005 mbar), identical 
with that obtained previously. 
Pyrrolizin-3-one (0.031 g, 0.26 mmol) was dissolved in [2H 3] 
acetonitrile (0.5 ml) and the solution was cooled to 0 °C. Benzenediazonium 
tetrafluoroborate 186 (0.053g, 0.28 mmol) was added and the solution was 
allowed to warm to room temperature. The reaction was monitored by IH 
NMR spectroscopy (60 MHz). After setting the sample aside overnight at 
room temperature no identifiable resonances could be observed. 
(e) 	Other Electrophiles 
Pyrrolizin-3-one (0.031 g, 0.15 mmol) in [2H3]acetonitrile (0.5 ml) was 
treated with 2,2-dimethyl-5-methoxymethylene-1 ,3-dioxane-4,6-dione 187 
(0.071 g, 0.4 mmol). The solution was heated in a bath of ethanol at reflux and 
studied by IH NMR spectroscopy (60 MHz). After a total of 14 h under these 
conditions over a period of 2 1 /2 days there was no evidence of any reaction. 
3. 	REACTIONS OF PYRROLIZIN-3-ONES 
WITH FREE RADICALS 
A solution of pyrrolizin-3-one (0.119 g, I mmol) in carbon tetrachloride 
(3 ml) was treated with N-bromosuccinimide (0.218 g, 1.2 mmol) and a few 
crystals of benzoyl peroxide. The solution was heated at reflux for 2 h. When 
the solution had cooled, the insoluble succinimide was removed by filtration 
and washed with a little fresh carbon tetrachloride. The combined filtrate and 
washings were evaporated. Dry flash chromatography of the residue (ethyl 
acetate/ n-hexane) gave 2-bromopyrrolizin-3-one, b.p. 68-70 °C (0.03 mbar) 
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(0.109 g, 55% after distillation); V, (. 3130, 1750, 1675 and 1560; 6H  (80 MHz) 
7.14 OH, d, J < 0.5), 6.93 (IH, t, J 2.0) and 5.99 (2H, m) [identical with sample 
reported in Section F.2.(c)]. 
IH NMR of the crude reaction mixture indicated the presence of a 
second product which could be isolated neither by chromatography nor by 
distillation. The compound was tentatively identified as anti-1,2-dibromo-1,2-
dihydropyrrolizin-3-one; 8H  (one resonance hidden) 6.60 (IH, t, 3J 3.2), 6.37 
(IH, dt, 3J 3.2 and 4J 0.9), 5.49 (IH, dd, 3J  1.2 and 4J  1.0) and 5.03 (IH, d, 3J 
1.4); & (two quaternaries missing) 121.08, 114.28, 109.86,49.83 and 40.34. 
The reaction was also carried out with 2 mmol of N-
bromosuccinimide. IH NMR spectroscopy (80 MHz) showed no difference in 
the composition of the crude reaction mixture. 
5-Methylpyrrolizin-3-one (0.068 g, 0.5 mmol) was treated with N-
bromosuccinimide (0.102 g, 0.57 mmol) over 90 min under the conditions 
described above. The IH NMR spectrum (60 MHz) of the crude reaction 
mixture, after filtration and removal of the solvent from the filtrate could not 
be interpreted. 
4. 	PERICYCLIC REACTIONS OF PYRROLIZIN-3-ONE 
(a) 	Diels Alder Reaction 
Pyrrolizin-3-one (0.125 g, I mmol) was treated with freshly distilled 
cyclopentadiene (b.p. 38-40 °C) (1 ml, 0.75 g). The reaction mixture was set 
aside at room temperature until colourless (5 h) at which point the excess 
cyclopentadiene was removed in vacuo to give 5a,6,9,9a-tetrahydro-6,9-
methano-51-1-pyrrolo[2,1-aiisoindol-5-one ( 0.161 g, 84%) (exo : endo = 5 : 95 by 
IH NMR). Dry flash chromatography (0-4% ether/ n-hexane) gave the 
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following fractions: exo-isomer (0.006 g, 3%) oil, (Found: M+ 185.0842. 
C12H11NO requires M+ 185.0841); 8H  6.96 (1 H, dd, 3J  3.2 and 4J 0.9), 6.43 (1 H, 
t, 3j 3.1)1  6.26 (2H, rn), 5.97 (IH, dt, 3J  3.2 and 4J 1.1), 3.21 (IH, m), 3.10 (1H, 
m), 2.98 (IH, dt, 3J  6.6 and 1.2), 2.96 (IH, t, 3j 1.2), 1.48 (IH, dt, 2J  9.6 and 3J 
1.6) and 1.06 (IH, dm, 2J  9.6); & 172.76 (q),  141.80 (q), 137.79, 136.93, 118.73, 
110.75, 104.12, 54.64, 47.06, 44.74, 44.13 and 40.46; m/z 185 (M, 3%), 120 (13), 
119 (100), 91(23), 80 (18), 66 (16), 64 (14), 63 (11), 58 (12), 51(9), 43 (29) and 39 
(16): endo-isomer (0.137 g, 70%), m.p. 73.5-76 °C [from light petrol (b.p. 60-80 
'C] (Found: M+ 185.0836. C12H11N0 requires M+ 185.0841); V max. 1740: oH 
6.81 (IH, dd, 3J  3.1 and 4J  1.1), 6.31 (IH, t, 3J  3.1), 6.00 (IH, dd, 3J  5.7 and 4J 
2.9), 5.87 (1H, dt, 3J  3.1 and 4J  1.1), 5.76 (IH, dd, 3J  5.7 and 4J  2.9), 3.64 (IH, 
ddd, 3J  7.0, 4.0 and 4J 1.1), 3.56 (IH, dd, 3J  7.0 and 4.3), 3.33 (1H, br m), 3.17 
(1H, br m), 1.75 (1H, dt, 2J  8.7 and 3J  1.8) and 1.60 (1H, dm, 2J  9.6, 3J  1.8 and 4J 
< 0.5); 0c 172.52 (q), 141.00 (q), 135.01, 133.09, 118.26, 110.17, 103.85, 53.40, 
51.94, 45.60, 44.23 and 38.57; m/z 185 (M+, 10%), 120 (9), 119 (100), 91 (11), 66 
(7),58 (3),51 (3),43 (6) and 39 (4). 
(b) 	13-Dipolar Cycloaddition Reaction 
Triethylamine (0.725 g, 7.2 mmol) in dry ether (70 ml) was added 
dropwise over 58 h via syringe pump to a stirred solution of pyrrolizin-3-one 
(0.121 g, 1 mmol) and ethyl chloroximinoacetate 1 88 (0.897g, 5.8 mmol) in dry 
ether (50 ml) at room temperature. After completion of the addition 
triethylamine hydrochloride was removed by filtration through celite. Dry 
flash chromatography (ether/ n-hexane) of the filtrate gave the following 
cycloadducts (0.147 g, 62%) (ratio 22 : 78): ethyl la,3a-dihydro-4-oxo-4H-
isoxazolo[5,4-a]pyrrolizine-1 -carboxylate (minor regioisomer) (0.011g, 5%), oil' 
[Found (F.A.B.): (M+H)+ 235.07190. C11H10N204 requires (M+H)+ 235.071871; 
V,(. 1763, 1732, 1619, 1583 and 1529; öi-i  7.11 (IH, dd, 3J  3.2 and 4J 1.0), 6.50 
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(1H, t, 3J 3.2), 6.26 (1 H, dt, 313.2 and 4J  1.0), 5.70 (1H, d, 3J  9.3), 5.11 (1 H, d, 31 
9.3 and 4J  1.1), 4.43 and 4.32 (2H, prochiral CH2, 2J  12.2 and 3J  7.2) and 1.37 
(3H, t, 3J  7.2); 8C 164.42 (q), 158.95 (q), 150.30 (q), 133.91 (q), 120.64, 113.81, 
108.27, 87.32, 47.05 and 13.90; m/z (F.A.B.) 235 [(M+H)+, 20%], 215 (10), 199 
(15), 107 (23), 91 (25), 77 (28), 69 (35), 55 (60), 51 (20), 41 (68) and 39 (47): ethyl 
la,3a-dihydro-4-oxo-4H-isoxazolot5,4-alpyrrolizine-1 -carboxylate (major 
regioisomer) (0.111g. 47%), m.p. 114-115 .0 [Found (F.A.B.): (M+H)+ 
235.07190. C11H10N204 requires (M+H)+ 235.071871; V max . 1768, 1716 and 
1571: oH 7.06 (IH, dd, 3J  3.1 and 4J 1.0), 6.53 (IH, t, 3J  3.1), 6.39 (IH, dt, 3J  3.1 
and 4J  0.8), 6.18 (1 H, dd, 31 8.8 and 4J 0.6), 4.97 (1H, d, 3J  8.8). 4.37 (2H, q, 31 
7.1) and 1.35 (3H, t, 3J 7.1); 0c 163.12 (q), 158.60 (q), 146.48 (q), 135.68 (q), 
120.55, 113.32, 109.29, 78.82, 62.48, 59.73 and 13.86; m/z (F.A.B.) 235 [(M+H)+, 
95%), 144 (47), 119 (34), 107 (40), 91 (33), 77 (52), 51(48), 43 (26) and 40 (26). 
(c) 	Reaction With Dimethyl Acetylenedicarboxylate 
Pyrrolizin-3-one (1 mmol) in solvent (5 ml) was treated with 
ethyl acetylenedicarboxylate (DMAD) under the conditions indicated. 
After the length of time quoted, the solvent was removed and the IH NMR 
(60 MHz) spectrum of the residue was recorded. In each case, the only 
resonances observed were those of the starting materials. Conditions used 
are quoted in the following order: solvent, quantity of DMAD, temperature 
and time: methylene chloride, I mmol, room temperature, 9 days: methylene 
chloride, I mmol, reflux, 8 h: toluene, I mmol, reflux, 7 h: toluene, 2 mmol, 
reflux, 17 h: p-xylene, 2.6 mmol, reflux, 32 h. 
Pyrrólizin-3-one (0.197 g, 1.7 mmol) was treated with DMAD (0.47 g, 
3.3 mmol) and the mixture was heated at 130 °C. The sample was examined 
by IH NMR (60 MHz, neat) at regular intervals. After 111/2 h there were no 
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identifiable resonances remaining. The only peak observed was a very broad 
signal centred at approximately 8H  3.8 ppm. 
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G. SYNTHESIS OF 1.2-DIHYDRO-1-HYDROXY-7-
HYDROXYMETHYLPYRROLIZIN-3-ONE 
(5,7a-DIDEHYDROHELIOTRIDIN-3-ONE) 
1. PREPARATION OF 
3-ACETOXYMETHYLPYRROLE-2-CARBALDEHYDE 
Preparation of 4-Acetoxymethylpyridine 
Acetic anhydride (12.46 g, 0.12 mol) was added dropwise over 20 mm 
to 4-hydroxymethylpyridine (4-pyridylcarbinol) (11.23 g, 0.1 mol). The 
resulting solution was stirred at room temperature for 90 min at which point 
aqueous sodium hydroxide (2M, 80 ml) was added carefully with cooling. 
The solution was extracted with methylene chloride (3 x 150 ml). The 
combined extracts were washed with water (150 ml), dried (MgSO4) and 
evaporated. Distillation of the residue gave 4-acetoxymethylpyridine (14.34 g, 
92%), b.p. 130-132 °C (20 torr) [lit., 1 89 126 °C (20 torr)]; 3020, 1745, 1610 
and 1565; oH 8.48 (2H, br d, J 5.7), 7.15 (2H, dd, J 4.5 and 1.5), 5.01 (2H, s) and 
2.05 (3H, s); &c 170.27 (q), 149.69, 144.75 (q), 121.68 and 63.98. Several batches 
of the ester were prepared by this method. 
Preparation of 4-Acetoxymethylpyridine-N-oxide 
4-Acetoxymethylpyridine (15.16g, 0.1 mol) in glacial acetic acid (60 ml) 
was treated with aqueous hydrogen peroxide solution (28%, 10 ml) and the 
solution heated at 80-90 °C for 3 h. Further hydrogen peroxide solution (7.5 
ml) was added and the reaction mixture was heated at 80-90 °C for an 
additional 9 h. The solution was next cooled and concentrated to 20-30 ml by 
rotary evaporator. Water (20 ml) was added and the solution was again 
concentrated, to approximately 20 ml. The concentrate was taken up in 
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chloroform (50 ml) and the solution was poured onto a paste of potassium 
carbonate (10 g) and water and shaken. The organic layer was separated, 
dried (MgSO4) and evaporated to give, after bulb to bulb (Kugelrohr) 
distillation, 4-acetoxymethylpyridine-N-oxide (10.03 g, 60%), b.p. 168-173 °C 
(1.5 torr) (Found: M 167.0575. C8H9NO3 requires M+ 167.0582); V x. 1739 
and 1225; 8H  8.00 (2H, d, J 7.0), 7.10 (2H, d, J 7.0), 4.88 (2H, s) and 1.93 (3H, 
s); & 169.81 (q), 138.57, 134.45 (q), 124.69, 63.98 and 20.19; m/z 167 (M, 34%), 
151 (4), 124 (6)109 (25), 108 (75), 96 (43), 91 (11), 79 (11), 65 (11), 63 (11), 54 
(15), 52 (27), 51 (28), 50 (13), 43 (100) and 39 (36). This compound has been 
previously reported without characterisation. 190 It is highly hygroscopic and 
requires to be stored at -20°C. 
(c) 	Photolysis of 4-Aceto2ymethylpyridine-N-oxide 
The pyridine-N-oxide (1.66 g, 3 mmol) was dissolved in aqueous 
copper (II) sulphate solution (0.2 M, 670 ml). The solution was photolysed 
according to the method described in Section C.1. After work-up, dry flash 
chromatography (ethyl acetate, n-hexane) gave as the first fraction 3-
acetoxymethylpyrrole-2-carbaldehyde (0.456 g, 27%), m.p. 59-61 °C (by 
distillation [98-100 °C (0.15 torr)]) (Found: M 167.0582. C8H9NO3 requires 
M 167.0582); Vmax. 3250, 1736, 1644 and 1619; 6H  10.2 (IH, br s), 9.73 (1H, d, 
5J 1.0), 7.08 (IH, td, 31 2.6 and 5J 1.0), 6.34 OH, t, 3J 2.5), 5.28 (2H, s) and 2.08 
(3H, s); 8c 178.32, 170.65 (q), 129.59 (two q), 125.66, 112.26, 57.60 and 20.81; 
m/z 167 (M+, 15%), 125 (27), 124 (13), 120 (12), 108 (26), 107 (50), 106 (19), 105 
(26), 96 (12), 79 (36), 53 (23), 52 (15), 45 (12) and 43 (100). 
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2. 	PREPARATION OF 7-ACETOXYMETHYLPYRROLIZIN-3-ONE. 
Preparation of 2.2-Dimethyl-5-(3-acetoxymethylpyrrol-2-yl)-13-
clioxane-46-dione 
The pyrrole-2-carbaldehyde (0.334 g, 2 mmol) in toluene (5 ml) was 
treated with piperidine (2 drops), glacial acetic acid (2 drops) and Meidrum's 
Acid (0.29 g, 2 mmol). The solution was stirred at room temperature 
overnight and then heated on a steam bath for 2 h. The solvent was removed 
and the residue was recrystallised from ethanol to give 2,2-dimethyl-543-
acetoxymethylpyrrol-2-ylidene)-1,3-dioxane-4,6-dione (0.353 g, 60%), m.p. 136-138 
°C (from ethanol) (Found: C, 57.3; H, 5.1; N, 4.6. C14H15N06 requires C, 
57.35; H, 5.1; N, 4.5); V max. 3243, 1731, 1682 and 1556; &H 8.39 (1H, s), 7.36 
(IH, d, 3J  2.6), 6.55 (IH, t, J 2.2), 5.23 (2H, s), 2.08 (3H, s) and 1.74 (6H, s); öc 
170.45 (q), 164.31 (q), 163.88 (q), 139.90, 136.27 (q), 130.47, 126.20 (q), 115.24, 
104.23 (q), 100.70 (q), 57.65, 27.10 and 20.76; m/z 293 (M+, 34%), 235 (18), 176 
(18), 162 (12), 149 (100), 148 (21), 121 (92), 120 (20), 104 (24), 93 (29), 92 (11), 65 
(10), 51 (11) and 43 (54). 
Pyrolysis of 2.2-Dimethyl-5-(3-aceto2ymethylpyrrol-2-yl)-13-
dioxane-4,6-dione 
The title compound (0.173 g, 0.6 mmol) was sublimed through a 
horizontal furnace maintained at Tf 600 C according to the general method 
for flash vacuum pyrolysis described in Section B (Ti 140-160 °C, P 0.005 
mbar, t 75 mm). The product obtained after the usual work-up was 7-
acetoxymethylpyrrolizin-3-one (0.114 g, 90%), b.p. 104-107 C (2.5 ton) (Found: 
M+ 191.0589. C10H9NO3 requires M+ 191.0582); V max. 1743 (br), 1607 and 
1525; 8H  7.18 (1 H, d, 3J  5.9), 6.87 (1H, d, 3J  3.2), 5.98 (1 H, d, 3J  3.2), 5.67 (1 H, 
d, 3J 5.9), 4.89 (2H, s) and 2.08 (3H, s); öc (one quaternary missing) 170.47 (q), 
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137.41, 135.09 (q), 121.88, 121.37 (q), 119.11, 115.54, 58.08. and 20.77; m/z 191 
(M+, 94%), 149 (100), 132 (74), 131 (36), 120 (33), 104 (74), 103 (31), 92 (21), 91 
(56), 77 (19), 65 (18), 52 (20), 51 (38), 44 (27), 43 (80) and 40 (31). 
3. REMOVAL OF PROTECTING GROUP 
The acetoxymethylpyrrolizin-3-one (0.192 g, I mmol) in methanol (5 
ml) was treated with potassium carbonate (0.068 g, 0.5 mmol) and the 
mixture was stirred at room temperature over a period of I h. Water (10 ml) 
was added and the solution was extracted with methylene chloride (3 x 20 
ml). The combined extracts were, dried (MgSO4) and evaporated to give 
methyl (Z)-3(3-hydroxymethylpyrrol-2-yl)propenoate (0.179 g, 99%) (Found: M 
181.0739. C9H11NO3 requires M 181.0739); 6H  12.31 (IH, br s), 6.95 (1H, d, 3J 
12.2), 6.94 (1H, t, 3j 2.6), 6.29 (IH, t, J 2.5), 5.68 (IH, d, 3J 12.6), 4.66 (211, s), 
3.76 (3H, s) and 1.69 (1H, br s); öc 169.56 (q), 131.57, 130.05 (q), 125.97 (q), 
121.73, 110.44, 107.45, 57.16 and 51.57; m/z 181 (M+, 84%), 150 (19), 148 (20), 
132 (28), 122 (56), 121 (100), 120 (67), 105 (24), 94 (44), 93 (50), 92 (33), 65 (25), 
63 (15), 52 (20), 51 (16) and 39 (29); which was used immediately for flash 
vacuum pyrolysis under the following conditions (Tf 650 °C, Ti 80-100 °C, P 
0.002-0.005 mbar, t I h) to give 7-hydroxymethylpyrrolizin-3-one (0.089 g, 60%), 
b.p. 85-88 °C (0.4 torr), m.p. 86-87 °C (Found: M+ 149.0469. C8H7NO2  requires 
M+ 149.0477); Vmax. 1721; 8H 7.19 (1 H, d, 3J  5.8), 6.85 (1 H, d, 3J  3.2), 5.93 (1 H, 
d, J 3.2), 5.62 (IH, d, 3J  5.8), 4.52 (2H, s) and 2.04 (IH, br s); 8C (one 
quaternary missing) 137.89, 133.85 (q), 127.33 (q), 121.24, 119.36, 114.43 and 
57.93; m/z 149 (M+, 100%), 148 (31), 132 (59), 120 (48), 104 (34), 93 (17), 92 
(32), 78 (9), 77 (10), 67 (15), 66 (16), 65 (28), 64 (11), 63 (23), 52 (24), 51 (24), 50 
(13),43 (10),39 (46) and 38 (22). 
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4. 	PREPARATION OF 5,7a-DIDEHYDROHELIOTRIDIN-3-ONE 
Dry hydrogen chloride gas generated from the action of concentrated 
sulphuric add (3.2 ml) on ammonium chloride (2.31 g) was passed through a 
stirred solution of 7-hydroxymethylpyrrolizin-3-one (0.076 g, 0.51 mmol) in 
methylene chloride (10 ml) over a period of 10 min during which time there 
was a loss of the characteristic colour of the pyrrolizin-3-one. The solution 
was stirred at room temperature for a further 15 min at which point 
potassium carbonate (1 g) was added. After a further I h at room 
temperature, the solids were removed by filtration and the filtrate was 
evaporated. The residue (0.113 g) was taken up in acetone (2 ml). Water (8 
ml) was added and the solution was set aside for 30 mm. The aqueous 
solution was extracted with methylene chloride (3 x 15 ml) and the combined 
extracts were dried (Na2SO4) and evaporated to give 1,2-dihydro-1-hydroxy-
7-hydroxymethylpyrrolizin-3-one (5,7a-didehydroheliotridin-3-one) (0.054 g, 
63%) (Found: M 167.0568. C8H 9NO3 requires M 167.0582);H 6.95 (1H, d, 31 
3.1), 6.32 (IH, d, 3J  3.1), 5.27 (IH, dd, 316.6 and 2.5), 4.70 (IH, d, 2J13.1), 4.59 
(1 H, d, 2J  13.1), 3.31 (1 H, dd, 2J  18.7 and 3J 7.2) and 2.88 (1 H, dd, 2J  18.6 and 
3J 2.5) (identical with literature data):37 m/z 167 (Mt, 53%), 150 (36), 149 (72), 
132 (20), 121 (23), 120 (20), 108 (33), 107 (22), 105 (21), 104 (24), 93 (19), 79 (34), 
71 (24), 59 (26), 57 (35), 52 (22), 45 (54), 43 (57), 41 (30) and 39 (21). Attempted 
purification by distillation led to decomposition. 
In a pilot reaction, treatment of 7-acetoxymethylpyrrolizin-3-one (0.016 
g, 0.08 mmol) in methylene chloride (2 ml) with hydrogen chloride, followed 
by treatment of the initial product in acetone (2 ml) with water (3 ml) over 20 
mm, as described above, gave, after the usual work-up, a lightly coloured oil 
(0.011 g, 63%) which was tentatively identified as 7-acetoxymethyl-1,2-
dihydro-1-hydroxypyrrolizin-3-one on the basis of its 1 H NMR (200 MHz) 
and mass spectra; oH  7.00 (IH, d, 3j 3.2), 6.45 (IH, d, 3j 3.2), 5.35 (1H, dd, 3j 
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6.8 and 1.9), 5.22 (1H, d, 2J 12.4), 4.81 (1 H, d, 2j  12.4), 3.34 (1 H, dd, 2J 18.7 and 
3J 6.9) and 2.94 (IH, dd, 2j  18.7 and 3j 2.0); m/z 209 (M, 5%),191 (2),149 (25), 
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APPENDIX:- BIOLOGICAL TESTING 
3-Oxo-pyrrolizine-5-carboxylic acid 103 showed no interesting activity, 
at concentrations of 64 .Lg/ml and below, in in vitro antibacterial screening 
versus gram positive and gram negative bacteria. 
A number of other systems, 1, 119, 142 and 157, have also been 
submitted to a pharmaceutical company for potential testing against 
proteolytic enzymes. 
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